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ABSTi^ACT • . , 

This is one Of fcur major subdivisicns of a set of 
individualized evaluation material for Level I of the Intermediate 
Science Curriculum Study (ISCS) developed as a part of the ISCS 
Individualized Teacher Preparation (IIP) pr^pgram. The manual contains 
a composite list of selected ireasurable objectives for Level I of the 
-ISCS program. It is primarily a reference book for persons 
responsible for examining curricula and determining if this program 
is likely to meet their school system's objectives and needs, Thei 
• listed objectives, which are divided into ten units, ar-e designed to 
aid in the assessment of students who differ widely is their learning 
abilities and in the kinds of subject matter which they find 
difficult. Most units include two chapters and the'^ related 
excujTsions. Within each unit, the objectives based cn the core and 
the ^remedial excursions of the student materials arc listed first, 
and roughly, in the order of their development in the student- , 
materials. These are followed by t^e objectives for the general and 
enrichment excursions. (Author/HM) . . 



>4i4t:^)ti4<**«***/>l<**** lit* **************** ******** **************** ***<**.#* *<* 

* Reproductions supplied by EDRS are the best that can be made * 
'* . ' • y from the original documeiit. ' * 

. 41 41 41 41 41 Kt^i 41 4<*** ******** ******** ******** ***************«*****♦****> 



n INTERMEDIATE 
SCIENCE 




CURRICULUM 
STUDY 



INDIVIDUALIZED 

TESTING 

SYSTEM 



U i OEPARTMCNtOFMfcAlTH 
EDUCATION 4 WiCFARt ' 
NATIONAL iNSTltutE OF 

EDUCATION ^ 



"PERMISSION TO REPRODUCFTHIS 
MATERIAL HAS BEEN GRANTED BY 

Mary v.. 0Unr| «-.5. 

'A3SF 



• TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC).'* 



Performance Objectives 

ISCSLEVELI 




C6 

O i«l SIUSR BURDETT 

vUlt; GENERAL LEARNING CORPORATION 

(y^ Morristown. New Jersey Park Ridge, III. • Palo .Alto > Dallas . Atlanta^ 



INDIVIDUALIZED TESTING SYSTEM 



ALL LEVELS 



Individualizing Objficrtive Testing (an ITP module) , 
Evaluating and Reporting Progress (arv ITP module) 



LEVEL I 



Performance Objectives, ISC3 Level I 

Performance Checks^ ISCSXevel I, forms A, B, and G ' 

Performance Assesshnent Resources, ISCS Level I, Parts 1 and 2 



LEVEL II , Performance Objectives, ISCS Levell I 

Performance Checl(s, ISCS Level II, Forms A, B, and C 
Performance Assessment Resources, ISCS Levdl II, Parts 1 and 2 



LEVEL III Performance Objectives, ISCS Level III , ' • 

Performance Checks, ISCS Level III, ES-WB, Forms A, B, and C 

WYY-IV,T^ormsA,B,andC 
V . .lO-WU, Forms A, B, and C 

WW-CP, Forms A, S,ih«^ C 
, \. Performance Assessment Resources, ISCS Level III, ES-WB 

WYY-IV . 
lO-WU 
WW-CP 



ACKNOWLEDGMENtS 



The work presented or reported herein was supported by funds provided the National Scienc( 
Foundation. However, the opinions expressed herein do not necessarily reflect the position oi 
policy of the National Science Foundation, and^iooTTicial endorsement by the agericy* should 
inferred. ' ; ; • ^ ^ 

©1973 THE FLORIDA STATE UNI V&RSITY 

All rights reserved. Printed in the United States of America. Publ)ihftd_sifm^tSneousl^ in Canada. 
Copyright is claimed until 1978. Except for the rfghts to materials reserved by others^ the* 
Publishers and, the copyright owner hereby grant pernriission to domestic persons of the United 
States and Canada for use of this work without charge in the English language'in the United States 
and Canada after \97S provided that the publications incorporating materials covered by the 
copyrights contain an acknowledgment of ''them and a statement that the publication is not en- 
dorsed by the copyrigl)! owner. For conditions of use and*permi$sion to use materials contained 
herein for foreign publications in other than the English language, apply to the copyright owner. 
This publication^ of parts thereof, may not be reproduced in any form by photographic, electro* 
static, mechanical, or any other method', for any use, including information stofage and retrieval, 
without written permission from the publisher. j ' 

ILLUSTRATIONS: ©1973 GENERAL LEARNING CORPORATION , 

ALL RIGHTS RESEF^VED. . 



ISCS STAFF • , 

David D. Redfield, Co Director 
William R. Snyder, Co-Direcfor 
Ernest Burkman, Steering Committee Chairman ' 

Robert L. CocaaoUgher^ Art Director 
, Stewart P; Darrow, Teacher Education 
George O. Dawson, Teacher Education 
Cheval Fagan, Artist 
Ronald N, Oiase/Evaluation 
Jarnes A. Hathway, Editor 

Adrian D. Lovell, Administration and Field Trial Coordinator 

Janet Mauney, Artist 

Lynn H. Rogers, Artist 

Millicent Shargel, Grammarian 

Stephen C. Smith, Artist 

Lois S. Wilson, Assistant Editor 

MATERIALS DEVELOPMENT CONTRIBUTORS 

Betsy Conlon Balzano, State University of New York at Brockport 

Tljomas Boehm, State University of Nevy Vork at Albany 

Linda Dubaldi, F.S.U. 

William H. Fletcher, F.S.U. 

John R. Hassard, Georgia State University 

M. Dale Luttrell, North Texas State University 

Mildred MacMullen, Hudson, New York 

E. Wesley McNair, F.S.U. , 

Luis A. Martinez-Perez, F.S.U. 

Charles Mielcarski, Averill Pairk, New York 

Lawrence E. Oliver, F.S.U. 

Barney Parker, F.S,U. 

Everett S. Stallings, F.S.U. 

Paul H. Westmeyer, F.S.U. 



FOREWORD 

To implement an educational approach sugcessfully, one must match the philoso* 
phy of evaluation with that qf instruction. "This is particularly true when individual- 
ization is the key element in^the educational approach. Yet, as important as it is to 
achieve this irtiatch, the task^is by no means simple forUhe teacher In fact, without 
specific resource materials to help him, he is apt to find the task overwhelming. For 
this reason, ISCS has developed a set of individualized evaluation^materials as part of 
it^ Individualized Teacher Preparation (ITP)Yrogram. These materials are designed 
to assist teachers in their transition to individualized instruction and to help tliem 
tailor their assessment of students' progress to the needs of all their students. 

The two modules concerned with evaluation,7Mc^/V/V/wa//z/«^ Objective Testing and 
Evaluating and Reporting Progress, can be used by small groups of teachers in in-^ 
service settir^gs or by individual teachers in a local school environment. Hopefully, 
they will do more than give each teacher an overview of individualized evaluation. 
These ITP modules ^uggest key strategies for achieving both subjective and objective 
evaluation of each student^s progress. An(j to make it easier for teachers to put such 
strategies into practice, ISCS has produced the associated booklets pntitled Per/arm- 
ance Objectives, Per^rmance Assessment Resources, and Performance Checks, Using 
these materials, the teacher can objectively assess the student's mastery of the proc- 
esses, skillSj and subject matter of the ISCS program. And the teacher can obtain, 
at the moment v/hi\\ they arc needed, specific suggestions for remedying the stu- 
dent's identified deficiencies. 

If you arc an ISCS teacher, selective use of these materials will guide you in devel- 
d|>ing an individualized evaluation program best suited Xo yoyr own settings and thus 
further enhance the individualized character of your ISCS program. • 

The Co-Directors 

Intermediate Science Curriculum Study 
Rm 4 1 5, W.H. Johnston Building 
415 North Monroe Street 
Tallahassee, Florida 32301 




THE ISCS INDIVIDUALIZED TESTING SYSTEM 

The ISCS individualized testing system for each level of ISCS is composed of four 
**major subdivisions: - • • 

L The ITF modules Evaluating and Reporting Progress and Individualizing 
* Objective Testing, 

2. Performance Objectives, 

3. Performance Checks in three alternate forms, and 

4. Performance As^sessment Resources.* * * 

Evaluating dnd Reporting Progress presents a comprehensive overview, with many 
refinements, for individualizing the grading and reporting of students' progress, based 
pn both subjective and objective criteria. The module Individualizing Objective 
Testing describes more specifically those ISCS evaluation materials which have ob- 
jective criteria - the performance objectives, checks, and resources - and it presents 
practicj^l suggestions for their use. These two modules should be considered pre- 
requisite to successful use of the*>orther ISCS evaluation ni^terials. 

Each of the Performance Objectives booklets Contains a composite list of selected 
measurable objectives considereci important to a given level of the ISCS program. 
, However, uiany of the long-range gpais and aims tha^t are at the heart of the ISCS 
program do not lend themselves to being expressed as measurable performance ob- 
jectives. Thui, these booklets should not be construed as being all-inclusive anthol- 
ogies of all the possible learning outcomes of ISCS. 

Each of three Performance Checks booklets contains an equivalent but alternative 
set of performance checks whicli were developed to assess the students' achievement 
of tile objectives statccj in the Perfornfance Objectives booklets. 

The Performance Assessment Resources booklet is a teacher^s handbook to be used 
in identifying the appropriate performance chec4c?> with which to evaluate each stu- 
dent. The booklet also indicates how to set up testing situations, correct responses, 
and give remedial help. 



NOTES TO THE READER 

This book is a catalog of the ISCS objectives for Level I. It is primarily a reference 
bookfor persons responsible for examining curricula and determining if this program 
is likely to meet their schopj system's objectives and needs. As a reference book, it 
will j^lso be useful to those^^achers who wish to^write additional objectives or per- 
formance checks, 

■ " * • ' • ■ ■ f " 

Each objective is written in the formal style described in Excursion 2-1 of the mod- 
ule Individualizing Objective Testing, As noted in Chapter 1 that module, each 
ISCS objective fdcdses on a specific, directly measurable s^tudent action/ The objec- 
tives are^ in effect, operational definitions of students* abilities; that is, they are 
^ . statementsof how to detect and measure what students can do. 

As you might expect, ISCS has other important goals and airtis that are not list^ in 
^ . this book.^ They are misfeing because they are generally not directly measurable given 
the practical confines^of time and the state of the art of performance testing and 
rneasureme^t. In many cases, their nature is affective," rather than cognitive, and 
long-term as opposed to short-term. You will find many of these goals and aims dis-- 
cussed in th^ modiil^ Rationale for Jndividuaiization, 

The objectives in this catalog are dejiigned to aid in the assessment of students who 
differ widely in their learning abilities and in the kinds of subject matter which they 
. find difficult. As stated in the module Individualizing Objective Testing, the key to 
the successful use„of this catalog, the related Performance Assessment Resources, md 
the various Performance Checks is selectivity. This catalog of objectives was not de- 
signed so th^t a specific student or group of students would achieve a fixed percent- 
age of them. Probably no one school system and certainly naone teacher will find. 
. all of the objectives in this book appropriate. As with a mail order catalog, one must 
^ pick and choose according to his needs. ^/ 

The objectives, listed' in this bookdre dividecl into units. Most units include^two 
chapters and the related excursipns^ as' shown in Table 1. Within each unit, the ob- 
• jectives based on the cOre and the remedial excursions of the student materials are 
listed first and roughly In the order of their development in the student materials. 
These are followed by the objectives for the general and enrichment excursions. 
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LEVEL 



r 



UNIT 

* 


CHAPTERS 


EXCURSIONS 


1 


M and 2 


1 thru 3 


.. 2 


3 and 4 


4 thru 8 


3 


5 thru 7 


.9rthru 14 . . 


4 


8 and 9 


15 thru 19 


5 


10 and 11 


20 thru .22 


6 


12 and 13 ^ 


23 thru 27 


7. 


14 and- 15 . 
16 and' 17' 


29 thru 33 


8 


34 thru 39 


9 


18 and 19 


. 40 thru -44 


10 


20 and 21 


45 thru 48 



Table 1 



The two types of code numbers used to identify the objectives in this book and the 
materials which correspond to each of the objectives in the Performance Checks and 
Performance Assessment Resources booklets are shown in Figure \ below. 
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Given the. following functional materials: a rechargeable battery, 
two •.test; leads, and an appropriate bulb and socket, and\asked to 
• connect' the materials so that the bulb lights, the student 
rnanipulateg . the materials to make a -sinple.. circuit so that a test 
lead connects one" terpdnal of the batt.ery to one terminal of the ■ 
biab socket, the bulb is inserted tightly into the socket, the" 
oth^r terminal of 'the bulb .socket is connected, to the other ^ 
teilTnirial of the' battery by the second test lead, and the buX*b' ' 
lights, by connecting, the materials .as described with no, uncor- 
rected error3 in the process . 



Qiven a niinbered diagram, showing a ch^ged cell and a bulb in a 
socket artd -asked to select numbers rep^^^enting test lead conneo- 
, tions to show how he wduld connect the ' bul!5^ocket to the battery . 
to;iTiake. the bulb lights the student applies the cQ*icept. of a , . 
simple circuit which requires connecting one' terminal of bhe 
♦ battery to' one terminal of the bulb-^socket with one test- lead, and 
connectifig the other terminal of- the battery to the other terminal 
of ^e bulb-socket with a second test lead by selecting the 
niiirifl^rs , on the dlagraiji to ' represent such . connections . 



Given four entries which are associated With science activity and 
a?ked which entry "identifies something that changes in an. activity 
and effects the* result -of 'the activity., the student 4ilassifies. 
sorae'thlng th^t changes 'in an a9tivity and affects the results of 
the activity. as a variable by selecting that entry. 



Given an assembled iJirfiple bat.terjT-bulb circuit which includes one 
nonoperative item, /such as an uridharged battery, a burned-out 
■bulb , or a .nonopemtive test 'lfeaicl, arid the following additional ■■ 
items which are, stated, -.to be qfoeratlve — a bulb , two test leads , 
■ and a battery — ^ and asked to'vind out why the bulb Un ' the. V 
assent) led circuit Isri'.'t lighted, the student classifies the non- ' 
functioning component by substituting functioning copponents 
until the system 1^ activated' aAd the nonfunctioning component 
has been eliminated from the system by selecting the nonfunction- 
ing component after using that method. y ' 



Given three flashlight batteries, two of which are dead, two 
electrical devices, and three test leads and' asked to Tind out 
which of the three batteries has influence', the student, applies 
the concept that influence in a battery 'is tested by hooking up 
tjie battery to an electrical device that will operate .if the 
.>attery has 1 nfluehc9> bv' reporting correctly which of the 
batteries has influence. 



01-Cdre-l 



01-.Core-2 



Ol-Core-3 



Ol-Core-4 



Ol-Core-5 



' ■ Given the name, of an object and a task requiring the object to- 

V exert influence .on. another object^ and asked v*iy the object must, 
have influence exerted on it 'before it can perform the task, the. 
* student a pplies the concept that influence must be applied to an* 
object to get influence out of it by resi^onding to that effect* 



Ol-Core-7 Given the terms system^ subsyetem^ and component in one cftlumn ■ / 

and their .definitions and a distractor in aiiother column. -and ^ 
asked, to. match the terms with their definitions y the student 
. classifies a system .as a group of objects- that Interact with each 
other, a subsystem as a group of objects that dij^ctly. Interact 
with each other within, a system, and a component as an object that 
is part of a system by so matching the words with their defini- 
tions. • - 



Ol-Core-8 Given three circuit diagrams Whl<}h contain the- same components , 

one showing the objects a^ individual objects- and* the others . 
showing single functioning systems, and asked which diagrams 
•represent systems and to e)tplain his answer', the student applies 
the definition that a system is a group of objects which interact 
^ with *eaQh other by selecting the diagrams in which the components 
. ■ ^ are assembled to interact as a system and by stating the notion 

of, the definition. ■ ' 

- ■ ' ' ■ • ■ - 

Ol-Core-9 Given a metric ruler and a diagram with six labeled points and 

. . ;■ asked to measure the dista iwo p ^ between three pairs of the points 

to the nearest 0.1 cm, the student manipulates a metric ruler to 
f^lnd the distance between each pair of points in metric units by 
T]ie^surlng and reportipg the distance between ^the designated . pairs 
of points to the nearest .0.2 cm^ correctly in at least two of the .- 
three cases . - • - ' • ■ 



Ol-Care-lO Given the opportunity to start and obsferve an event 'of four to 

seven seconds duration performed by the teacher or an assistant 
^ while the audible beats of a metronome second timer can be counted 

and asked to time the event, the studerit applies the procedure for 
timing an event with the metronome timer by telling the teacher to 
^tart the activity oo a click and then counting subsequent clicks 
^ until the teacher stops by reporting the time in seconds to the 
" . nearest whole second. • > 



01-Core-ll Given a list of* four /characteristics applicable to data tables 

• and asked to select those characteristics that determine why 
' scientists tend, to use data tables, the student recalls that data. 
, ' tables '^are used because they make finding relationships between • 
;■ variables easier, thej^ tend to reduce errors by organizing data, 



they provide an' organized way to store data, and they help to in- 
sure that the data .needed.^ collected bv- selecting either the 
entry "all of these"' or at least three of the four .other entries. 



Given a conpleted data table as used in Chapter 2 and asked, to 
identify three- specified bits of data given, in it, the student 
applies the procedure, for locating bits' of 'data in a data table 
by selecting the thiree hits, of data.' 



Given' a list of characteristics by which an object is (^ften de- 
fined and asked to select the characteristic which is part of an 
operational definition,' the student recalls that an operational 
definition includes. a procedure for measuring that 'which it 
defines bv select inp: the phrase "the way to rbeasure." 



Given, two decimal nuinbers and, asked to find the quotient to one 
decimal place, the student applies the rule of division by 
calcujLating the quotient to one decimal place and by showing his 
work. ' ■ 



Given two decimal numbers between 1 10, one of which is stated 
to hundredths and the other to tenths > and. asked to 'multiply these 
two numbers, the student applies the. rules for multiplying decimal 
numbers by calculating the prq^cf and correctly 'placing the 
decimal in the^oduct and by showing his work. . - 



Given three decimal numbers in a horizontal line, two of which 
are stated to hundredths and the other to tenths, and asked' to 
■find th« 'suffl-Df these, three numbers ; -i^he student- applies the . 
rules for adding decljnal numbers by calculating the sum and 
showing his work., ' . 



Given two decin^l numbers in a horizontal line,- one of which is 
stated to hundredths and the.Qther to tenths, and asked to find 
the difference between these two numbers, the student applies 
the rules for subtracting decimal numbers by calculating the 
difference and showing his work, 



Given ample opportunity to work with materials on a laboratory 
activity of more than one day's duration and asked to observe the 
cleanup period at the appropriate time , the student chooses to 
close the. laboratory#.activity period promptly upon receiving .; 
notification of the time by iimiediately ceasing the lajperatory • 
activity, returning materials in usable, clean condition to 



Ol-Core-12- 




Ol-Core-13 



Ol-Core~l4 



Ol-Core-15 



01-Core-l6 



Ol-Core-l? 



' .'Ol-Core-ia 



storage plapes, and partlclp^tlnp; 1-n work area cleanup, on at'- 
lea^t' three separate occasions when being observed without ,hi9 

jknowledge by the teacher op another 'desi@i.ated person.. • ■ • * 

< ■ ■ • * ■ . 

'Ol-Core-19 When asked to work In the laboratory with. fellow students, the 

' student chooses to cooperate with fellow students in the labora- 
tory by belnp polite . wa^ltinp: his turn, being orderly whey moving 
about., and observing the right of his classmates to work without .* 
being unnecessarily disturbed, when observed without his- knowledge 
^ " by the teacher or pother deslgn&.ted perspn on 'at least three " 

occasions. • • • . ■ '. 



Ol-Core-2.0 When asked to work with, the equipment and text" materials of the 

' ISCS. course,' the studeht chooses to show personal responsibility ■ 
for returning laboratory Equipment no. longer needed to the. proper 
- • ^ . storage placets during the activity period by returning such equip- 
ment and materials to the designated storage places on at least 
three occasions when observed by the teacher or another designated 
observer .without his knowledge. , . • . 



01-Core--21 As asked in the "Notes to the Student" section of Probing phe; 

..Natural Wor^d/1 to respond in writing to all of the questions .4n 
the text, the student chooses to write his ansi^s^in his Student 
Record Book to 9Ql or more of the questions inffis: text by 
V* exhibiti ng the written responses when the teacher spot checks to 

determine if he is doing so. * 



Ol-Core-22 • * 'When working independently in the laboratory, the student chooses 

• ^ > to show proper care and use of .I5CS...laboratorj5/ materials .. by using;_ 

' / *i * the materials .only for their intended purpose or bv-' reauegting 

• ■ ' : permission to do mother specific ^experiments with them, when being 

(8 observed without his knowledge by the teabher or another, design- . 

^' nated pei^sori on three . o:^ more occasions. V 



Ol-^Exc 01-1 Given four statements about the metric system and asked to. • ' 

, identify an advantage of ^the metric system for* scientific cal'Cu-* 

lations, the student recalls that it is "advantageous to use the 
' metric sj/stem in science because its units are related by factors 
. . * . of tdn and therefore . 6hangin§ from one^. unit to another is ■ 

relatively simplfe by selectjl n ^- . the response to that effect . 



01-Exc 01'-2 Given the 'names of four systems of measurement and asked to. • 

. . ' . identify the system used 'in the ISCS science course^,, the ..student ' 

identifies the metric 'system of measurfement the. system' used in 
the ISCS course 'by selecting that entry. ' ^ ^ 



V- ' ... • ... 

'"Given (1) a reminder that 'in Excursion ,3.' the greater of two varl- - 
^bles, lift .'and drag, was found by pitting piae force against tip • 
other and fy two -examples- of -finding the greater variable, orp <by . 

odirect ^sonparison and, the other .by an, indirect method, and asked ^ ; 
to'eelect the example 'whi'ch uses the- direct comparison, the . ' 

- student dla'gsjfies the example of direct , comparison as the one in 
^hich *):he • two forces wepe allowed to 'oppose each other directly by^ 

- selecting " that exanplefs . ^ , ' . \ . , v /• 

1 — ' — » : > . • -. ■ 'i'.' «■ 



•01-Exc 03-1 
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Given def inlljlons for three terms , one; of which is an operational 
definition, and asked to select the operational definition, the 
student applies the concept that a definition Is operatiopal if, it 
includes methods for the detection and the measurement of the 
entity beiVig defined by selecting the definition with those • 
characteristics. 



When asked whether k problem will occur if each student uses the ' 
vSasher scale tliat'he made. for his force meas.urer throughout the 
ISCS course" and to give the reason for his reipponse, the student ^ 
appll^ . the - concept .that- the ^lse of standard unlts",of measurement 
by everyone facilitates the communication of data by stating that 
the use of dasher units will cause a prob-lem and ^explaining that 
the use pf standard units qf measurement facilitates the CQimlunl- 
. cation of data. ^ ' " ' 



Given a list of four possible alterations for a force measurer and 
esked to select the alterations he needs on his force measurer if 
he is to weigh a given object whose weight is obviously beyond its 
^ange, the student applies the concepti that - the rangd of an 
instrument can be extended by altering 'those features which affect 
its sensitivity and precision by selecting the entries to the 
effect that he would need a scale calibrated in smaller units ahd/' 
a thinner blade. 



Given a force measurer with two blades, a n^wton scale card, paper 
clips, and., two objects weighing between 0.1 N and 1.0 N and asked 
to determine the weight of each of the objects, the student 
manipulates a force measurer to determine the welgl-it in newtons 
of each of the objects by reporting the weight of each of the 
objects as determined by the teacher to within +0.05 N. 



Giveh a force measurer with both blades,, a newton scale card, an., 
aluminum cup, paper clips, and two objects', each weighing less 
than .1 newton, and asked to determine the difference between the ^ 
forces ■ (weights) they exert on the blade of a force measurer., the 
student applies the appropriate procedures^ for manipulating a 
force '-measurer -to determine the weight of each of the tWo objects 
and of calculating the difference by stating the difference in 
•newtons to within 10% of the vlfLue the teacher obtains. 

GiVen a data table indicating the increase in cumulative weight -of 
objects of 'unequal mass as they are 'added one at a time "and asked 
to c5*aw'a conclufjion about -the weights of the objects .used, the 
student- applies the "concept that uniformly Increasing the number. 



4N 



pf equal masses will uniformly Inprease the total weight of the . 
group by responding to tfie effect that the weights of 'the objects 
are not uniform. ^ ' v , ^ 



02-Core-7 Given a two-variable data stable containing Ideal data for a 

relationship Involving dl:pect variations and a grid with labeled 
^ axes and g^ked to construct a graph fpom the data, the student. 

a pplies the procedure foy plottlpg point's from dat,a (coordinates) 
' 0 . • . ' and: .drawing the appropriate line bv Constructing a graph In which 
* ' V . each point, lies in a straight line, and the line ^ would, if ex- 

tended, pass through the origin > * ' 



0?-Core-8 When asked -^tio define weight operationally,, using an JSCS force 

measurer, the student generates the operational definition that 
weight deflects a force measurer blade when an object is hung .on 
it and is measured by the amount the blade is, deflected by 
.. responding to that effect, • 



02-Core'-9 Given , a force measurer, whose appropriate newton scale has been 

zero^4,v with the blade bent a fixed amount a*^d asked to state how 
muchfl^ce is acting on the blade,' the student manipulates the 
• force '-'liieasurer to make a correct reading on the scale by reporting 
an answer within +0.2 units of the scale. 



0?-Core-10 Given a force meaourer with the appropriate, blade attached, a hook 

to attach an object to the blade, a teacher-prepared scale cSrd 
marked in special units, and an object to weigh and asked to find 

' the weight of the object in the units on the special scale card, 
the student manipulates the force measurer scale card to zero it 
before welgkilng the object on the force measurer ^by adjusting the 

^ acale to zero it with the blade before weiring the object. 



02-Core-ll- When asked to name the metric system unit that he uses in ISCS> 

to meair.ure force, the student recalls t[ie. newton as "the metric 
term used in ISCS science to measure force by stating the term 
newton* ^ ^ A 



02-Core-12 



• 

Given a 'compass and an iron object and told to bring the iron ' 
object near the compass and asked both if there is a force acting 
'between the object and the compass and to explain the basis for 
his answer, the student applies the -concept that a force changes 
either the mUon or the shape of an object - or bothj^ ' 
responding a force is in action B3\d citing the motion of the 
needle as evidence..- * • ' * , 



Given' two diagrams and a description of a Situation in which -tWo ' 
.identical objects ar^ being acted upon, each by a different Amount 
df' force, and asked io determine . which, diagram shows the greater 
force. acting and tfo explain the reason for his choice, the. student 
cl assifies the greater of two forces as the one producing the 
greater amount of change in the shape of the object being acted 
upon by selecting the diagrain showing the greater amount of change 
in shape aJTT^^n^ that a greater force will produce a greater 
change. 

When told that an operational definition answers two basic ques- 
tions and asked to write an. operational definition for force ^ ^ 
which shows how each of these questions may be answered, the 
student applies the characteristics pf an operational definition^ 
to defining force by responding to the effect that a force can be 
detected by tooklng for the change in shape or motion that it 
causes in an object and can be measured by the amount of change 
in the shape or motion of , that object. 

When asked to state the two questions answered by an operational 
definition, tha) student recalls that an operational definition of 
an entity answers the two questions about the entity, "How do I. 
know when I have some?" and !'HOw do I know how much I have?" by ' 
responding to that effect . . > . 



Given a description of a situation in which weight is the forpe 
acting upon something and asked to name tthe force thtt is. acting, 
the student classifies" t^e force ^s weight (gravity) by. so 



resDon 




Oiveh 'a description of a situation in which" wel^^t is the.'fbrc^ 
acting upon something other' than a force measuring device and 
asked :what force l,s acting, the student classified; weight as the 
force acting in the specified situation by s^- reaDoriding. . 



ilhen' asked fco stat'^ two reasons why .it is diffiicult 'to define' 
operationalli[ "such abstract* qualities as love, honor ^. and beauty, 
. the .atudent applies .the conqepts that the character! stlc^ of ; 



/ 02-Coi 



♦ 
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these abstract qualittles -(1) differ In each situation and (2) de- 
fy methods of detection and quantification by stating^' the notion 
of th^ ^bove concepts ♦ , 



02-Gore-20 Given a labeled^ diagram of two coniTion measuring devices, each 

' lacking a, scale, and asked to identify what both of these Instru- 
. • ments i^ed In order , to faQilitate communication of the measure- 

• « . . inents TOken when using the instruments, the student applies the 
concept that most, conmon, measuring Instruments have scales which 
J'acilltate "the cormunication of measurements by stating' thkt^ thev 
need scales. • • • " 



02-Core-.21 • Given a magnet, a force' measui'er, a thick blade, a 0-10 newton 

scale card, string, a nail, thumbtack, or screw,, and a diagramed 
procedure for measuring' both the weight and the strength of the 
magnetic force of the magnet and asked to. determine the amount '(fcf 
; . . .magnetic force, the student applies the procedures for measuring 

a- force* as the difference between two combined forces [puNing 
force =- (magnetic + weight force) - (weight of string .+ ma©1et)'] , 
• by measuring and reporting 'the magnetic force, using the steps 
outlined.' ' * . 



02-Core-22 * Given descriptions of five situations, three .of which have a. force 
^' , acting in addition to gravity, or friction and two of which, do not: 
have a force acting in addition to gravity or friction,;, and asked 
to identify those situations in which the additional force is 
present, the student classifies the situations which have a force 
acting in addition to 'gravity or friction by selectipg those - 
three situations that involve a change in shape or a change in ; 
jTjption not due to gravity, or friction. 



02-Core-23 When asked what oughit to be true of an. object if it, is to be used 

... as a standaord for measurement, the stud<Snt recalls that to be A 

standard unit 'for measurement an object must be (1> uniform over 
. .' time, (2) easy tp duplicate, (3)- agreed upon, (4) pf a convenient 

/ ' . si:?e, and (5) readily avai-iable by responding with the.effeA of 

at le^s4^tht*ee of those^. ■• ^.^ ' ' . - 

02-Core-24 Given a net of diagrams for the calibration of each of two 

. .- .. uncalibra ted spring scales, one set for a scale which has a 

• • • reference point whicl-i varies and units which are unequally spaced ^ 
and different on the two scales and a second set showing a scale' 

. - . ■ . on which thie ]r^ference point Is ^varying and the spacing, between 

'. , •• ■ , units is uniform and reproducible, and aSked to select the spring 
■'• ••• . • scale which would be more, reliable- «Kk5" to st^t^ th^ reasons . for ' ' ' 

% his choice,' the student applies the concepts i^hat a good ' measuring 
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instrument has a stable reference point and reproducible equal 
unit intervals by selecting such a scale ahd stating the notion 
of the concepts. ^ 



Given that there is a need to put a scale on a measuring device 
and asked 'whether it would be best to subdivide each unit into 9, 
Jj^o 10, or- into 11 subunits and why, the student applies the^ 
' concept- that subdividing , a unit into 10 equal parts makes report- 
ing and using the measurements easier than^ any other subdivision . 
•b^ause of our decimal i;iumber . system by re'snonding to tha^ effect. 

Given three scales, one marked only ir> whole units, one marked in 
1/2 units, and one marked in 1/10 units, and asked which. of the 
three scales would probably give the most accurate measurement^ 
the -student applies the. concept that the more subdivisions there , 
are on a scale, the more precise are the readings that can be made 
with it by selecting such -a scale a»d stating the notion of the 
concept . 



Given sections of two scales, one divided into 0.1 unit? and the 
other Into 0.5 units,, and asked, to read the scales at designated 
points and to report the readings as decimals, the student applies 
the process of reading a scale in decimal form by r^ffV^^^Pft his 
reading to within +0.05 unit on a scale marked in tenth units and 
•«^to within +0.1 unit on a scale marked' in half units. 



Given a list of foiir ways in which the size of a unit of mea'sure- 
ment ml^t have been determined and asked to identify the qntry . 
that states the way the size- of a unit of- measurement is deter- 
mined, the student recalls that tho.- size of a unit of meeisurement 
is a matter of definition- by roan by selectiry: the entry involving 
the notion of definition by men. -,, • 



When asked why measurement- wilts such as the Kli^it, cubit, .and 
palm are not us^ much today and why standard units such as the 
meter and the gram are use^, the student recalls that measurement 
'units'/bas^d on body lengths vary , whereas standard uhits always 
have the same value, by responding with thes^-'two notions, •. 



Given a 'graph of the measurement of light intensity at given 
'distances from a lighted bulb, together with a brief description • 
.of the way the data were gathered, and the interpretive prompting 
'that the brightness decrease^ as the dlstarfce increases and. asked- ^ 
to describe the changes :.in light Intensity When the bulb and light 
rri&ter are close' togeth^:^ --and when the bulb and light' meter are far 
apart", the stadent applies the rules for Interpreting a graph of 



: ■ < ■ .. \ 

regions of large and small changes of inversely related var^ables 
by selecting the words which indicate that a 'small change in, . 
distance produces a laa^-ge change in effect at close range an#a 
large change in distance produces a small change in effect aft a 
dis-tant location.- * ■ 




Given a description of a situation in which an object is .lifted to 
a speqified hei^t by three different nyethods and asked to deteiv 
ndne by which insthod the nxDst work was done on the object, the 
student applies the conqept that the amount "of work done on an ob- 
ject is independent of the method used by f^^ipf-tlncf the response 
which, indicates that, the same amount of work iS done regardless of 
the method . , . ' 



Given, six lat).eled dotfe on a page 'and a .metric ruler and asked 
•to measure the .distances between three pairs o^points and to 
express the answers in meters, the atudent'" mahipaiatjes a ■seal^ 
calibrated "in centimeters to find the distance between points 
in each of the three pairs by n ^^ujrir^ and ^pof^tinp: that . 
distance to- j5),.005 m. ' n ^ 



Given four distances, twp expressed 'in centimeters and two in 
meters, and asked to ichange each distance to thg unit specified, 
the student applies the p^le that the difference between cm and m 
is a factor of 100 by moving the decimal point two digits to the 
left when changing cm to m and two digits to the right for the 
reverse'conversion in at least three of the four cases. j 



* V 

When asked to state the metriot^xmit used in ISCS for measuring 
work, the student recalls the\ewton' meter as the metric unit used 
in ISCS' which expresses work by naming that unit. 



■ Given instructions to select the equipment he needs to determine 
the amount of work done when he lifts ah object frcm the floor and 
places it on his desk and asked to report i|k the appropriate units 
both the measurements he makes and the amount of work done, the 
student applies the- definition that, work is the product of a force 
' and the distance through which it is applied by measuring the 
> force and the distance, q^lculating the work, and reporting It in 
newton -meters to within +5^ . of the value obtained by the teacher. 



When as'ked to state an operational definition for work, the stu- 
<Jent recalli^ that work is operationally defined as the product of 
a.&ce and the distance through which it Is'appMed ,by responding 
to- that effect or af lefts t to the effect that work is the product, 
of force times distance. 



Given a description of a force being applied to an object over -a 
distance and asked to state the term which best describes, what is 



being done to th'e object, the student classifies the situation 
describin^f the ^process of exerting a force over a distance as in- 
volving work by st£^ti| ry' "v^prk.-" . ' * 

Given a list of variables, including time in seconds, speed in 
cni/sec, distance in cm, and force in nevttpns, and asked to select 
the appropriate information required to ca^rculate the amount -of • 
work done on an object, the. student applies - .the rule that force 
and distance, are the only quantities that, apply to the direct cal- 
iulation of the -amount of work done on- an object- by sfelectlnp the 
■proper foii^ce and distance measurements, ' 



■Given five definitions in one column, , including one definition 
each for the terms system^ aubsystemj and oomponent (of a eystemf, 
and those three terms in another column and asked to match the 
definitions with the' terms , the student classifies a system as a 
group of objects that -interact directly with each other, a sub- 
system- as a group of objects that interact directly with eacl? 
other within a system, and a component 'to^^-a system) as an object- 
which is part of a system, by correctly matching each of the three 
terms with .^.ts deTlnition. 



Given a diagram of a system with imny of its components labeled 
and asked to list four of the labeled compo^^^nts that make up a 
subsystem, the student applies the definition that a component of 
a subsystem is any one of a set of objects which directly influ- 
ence each other by- listing any four of the labeled components 
which make up a 'subsystem, - . ^ . ' 



Given three diagr^ams, one shov\fing conponents as individual objects 
and two showing components connected as systems, and- asked, which ' 
of the 'diagiTams represent systems and why, the student applies 
the definttl^, that a system is a group of objects that interact..; 
with each otfier by selecting the two diagrams in which the com- 
ponents are assembled to interact as systems and by s;t.^tlp^ the 
notion of the definition as • the reason for his choice. 



Given a diagram of a system involving eight or more labeled compo- 
nents and a list , of fiv^ sets».- each containing three components of 
the' system, and asked to identify the sets which can be considered 
subsystems and to s.tate why he' selected those sets as. subsystems, 
the student applies the concept that subsystems are sets of ctinpo- 
nents in a^ystem which interact with each other directly by ir^d^ - 
cat^g^.such sets- 'as subsystems and statjin^ that they may^ be- con- 
sidered so -be9ause they interact directly with each 'other within 
Wie system. ',. . ■'. ;.• ■ , 



Glveru.a llst^of four phrases. in\tol\dng/ork .and asked to laentify -^3-Cor6-13 
the* phriises which describe the I'erlaH^hlp between work and sys- 
tems, the student classifies "transfer Input work" and "use input - • ' 
work to do useful work" as characteristics .of systems, by selecting , • . ' 

. ^ those two phrase^ . ' . - » - ' " ■ 

Given a diagram and a description of a system and asked to Iden-. • 03-Core-l4 
tifV the- input comp^onent and the output component , the student ^ 
- ' classifies the ifiput oonponent as. the component wit|iin a system . ^ ' . ^ ^■ 
which puts' work (energj^) into the system and .the output component ' . 
a? the component which the system does work -on ,by ge^eci^.the , ' ^ . 

component that puts work (energy) Into the ^system as. the input _ . 
component and the Component on which work is done as the output 

component . • ' ' . 



(kvenfen illustration" and a description of a situation in which 03-Core-15 
input work is done on some component of a system and some other 
component is the recipient of output work and asked to identify 
the input work and output work components, the student classifies 

what is doing woj-k on the system as the input source and what the ^ . - . 

system is doing work on as the output recipient by indicating the 

source of the input work 'hnd the receiver of the output work. - t 



Given a diagram showing an equal-arm balance after it has been . 03-Core-.l6 

used to do work, the amount of input force, the distance the bal- - 

ance has m6ved, the weight upon which the workiwas done, and the . j 

distance the weight 'was mc^ved and asked to con34i3/r,the balance 

arm as a systerr\. and to determine the amount of Input and' output 

work done on and by the system, the student applies the concepts 

that input work is the work put Into a system, that output work is 

the work done by "a system, and that wprk is ,the product of the 

force and the distance over which the force is applied by perfomv- 

ing the calculations on the proper quantities and importing the 

input and output work done in newt on -meters, correct to +0.1 

newt on 'meters. , . 



Given a diagram showing an equal-axm balance, a description of a 03-Core-17 
* sitaation, and the force and the distance for the output work done 
by the equal-arm balance and askefi to state approximately how much 
input work was done, .the student applies the concept that work in- 
put is always .greater than work output and that work equals force 
times distance by 3^;iect;Lng th^ entry which indicates that the 
Input work is Just a little bit greater than the output work. 



Given -a .set of three decimal numbers and asked to find the average 03-Core-l8 
of thdIflunfc'ejB, In each set; and to show his work, the student „ 



s^plles fhathemtflcai procedures to find an average by repcprtlng to^ 
+0.1 the correct response in at. least one of the two cases. 



03-Core-19 "•. Given values for six measurements from ah experiment and the aver- 
age value of' these rafasurements and asked to state why the average 
♦ is considered to be^les^ In error, than ' any , single measurement, the. 

. student applies the concept that the average gf several measure- 
ments' is probably, less in error tiian "incUvidual ^^e^uremen^^ 
. ^ . ' cause the variation between individual 'Weasuremeiits is balanced * 

in the calcialation of the average by .responding v to that-. effect. 



03-Core-20 Given a' descriptioft of' a situation in which six' to eight repeated 

• .measi4reiBe](its vary by jSrn^ll amounts and asked to explain the vari- 

ation, the student applies the concept that it is inpossible to ' 
' • • eliminate all errors, in measurement by so re spp nd ip ^ . 



X)3-Core-21 , Given a straight-line graph of the number of sinkers . versus the* 

- mass of the airikers in "grams and asked to extrapolate and inter- 
polate values of ' one variable from values of 'the other, the stu- 
- . . dent applies the procedures for extrapolating, and interpolating 
^ ... a graph by report ;Lnp; the coordinate values asked for to +1 . 

. unit. . ■. . ■ ., ■ — ■ 



03-Core-22 Given a .description of a situation in which friction is acting • 

and heat prpduction is evidenced, and ^sked what force is acting, 
' . the student '' classifies friction as the f or ce - acting in. situations 

-involving sliding 'objects by Q^jrA^ fricHon as the active force. 



03-Core-23 ' When asked to describe why the amount of ir^ut'work done on a 

, . given system ^is always more than the effective output work done by 
that system, the 'student recalls the concept that some input work 
is used to overcome friction by respondiniz; to that effect. 



» . ■ • 

03-Core-2^ Given a description of a dynamic situation involving considerable 

■sliding friction and asked what force causes the tenperature 
change on the sliding surfaces, the student ^plies the concept 
that the force of f ri^ctlon causey ■the'^emperature c5f the sliding 
surfaces to change by respondi ng with a statement to that effect. 



03-Core-25 Gi-ven a description of a situation in which an object is being 

dragged across a surface and asked to predict what would happen 
\ .. to the amount of friction if weight were added to the object, the 
student applies the concept that the force' of friction of a slid- 
^ '^Ing object va^es directly as the amount of weight added to it by 
" pred^c^ JLpft; an' Increase in the amount of friction. 



Given a' description of an^ experimental situation in which there ■ 
are two independent vaplables and asked to identify the error in; 
the experimental desigi, the student applies the priViclpie, that ' 
there should be one and only one Independent variable In an ex- 
. perlment. by rypnpy^dipg to 'that effect. ■ V 



Given ^a description of an activity involving two trials and asked 

to IdehtllV which variables are held constant and. which are not, 

the student •classifies a' varia.ble in which there* is no change be-- 

tween'twQ trials as -being held 'constant and a 'liable in 'Which 

there ai^ changes' between the two trials as varying by listing at 

least one variable for each type. 
• . 

Given a hypothetical situation requiring an enlpirical test to de- 
termine the solution to a problem and asked to identify the vari- 
able which would be varied and the factor which would vary as a 
result, the student classifies the independent variable and the 
dependent variable by namin/g the factor' which is varied purposely 
and the factor which will vary as a result. . 



Given. a problem and asked t6 state two factors other than the in- 
dependent variable which must be controlled if the. results of an 
experiment to solve the problem is to be valid, the student 
applies the concept that in experimental situations there are 
factors other than the , independent variable whose variation must 
be controlled if the data are to be interpre table by naming two 
9uch factors. • • ' 



Given a diagram of a movable pulley setup, a known mass — of 
which the pulley is a part — to be Ij/ted a given distance, a set. 
of three distance quantities including the distance the force 
moves, and a set of three force quantities including the approxi- 
mate force required to lift the pulley and mass and asked to se- 
lect the distance the force Would move and the quantity of force" 
required if the mass were to be moved a given dis^bce, the stu- 
dent applies the concept that a movable pulley reduces the force 
necessary to lift an object, but that the force moves through a 
greater distance than the object moves by selectipg both the fo;?ce 
quantity which is approximately half the weight of the pulley and 
the mass lifted and the distance quantity which is twice the dis- 
tance the mass is lifted. . 
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03-Core-26 



03-Core-27 



03-Core-28 



03-Core-29 



03-ExG 9-1. 



When asked to state the relationship between the input work and 
the output work of movable pulley systems and .the benefit, if any,v 
of using them, the student recalls that the relationship of input " 



03-Exc 10-1 



work to output work Is about equal lit movable pulley systems anij 
that the benefit of their use is. that they act aa. a multiplier of 
the input force — lifting of heavy weights with less pull re- 
quired — by responding with both of those riotiohs. 



03-Exc M.»i "Given a description of a situation in-* which the slant Qf^'ah in- . 

' » • . c lined *plane is decreased from the slant Jn a previous, trial by. 

^. getting; a longer pl^e and aske^he effect that a longer 'ipcliried^ 
* J ♦ , plane^has on the force required to; pull * or push th,e object .up the ' 
• • . inoline and why/ th^-Tsttident. applies the concept that the'force 

- . required, to pull or j5ush an-object up an inclined' plane decreHses*' 
. • .. as the slant of the, inftline^decreases by ■ indi'ca,tiA^ that the force 

" .required would be less and stating the notlpn. pf the. concept as 
the reason. ' ' " -J ' ' 

03-Exc 12-1 Given a description of a situation in which "unbalanced moments ' 

•\ exist and the magnitudes Of the force and distance quantities 
. . necessary to calculate each , manent and asked to determine the. 

direction of motion and the difference in nonent, the. student- 
a pplies the concept of diffe'rences between moments and the direc-. 
tion of motion for two unbalanced moments by calculating the 
■ . : ' clockwise moment .and the^ouhterclockwise moment and by finding 

the difference between them and the direction of rotation caused • 
by the greater rflfement by re^poftdipg With the results of his .ca;i- 
• culations'^' including both an indication th^t.the moments, are un- • 
.equal In the. direction of, the l^eirger moment and thp amount of the 
moment difference, . - - , • . 



03-Exc 13-1 Given two sets of th3?ee mixed numbers and asked to find the 

average Qf each set ■ of numbers and to show his work, the student 
• V. , applies the procedure for finding Sn average of mixed riuHibjersvln, 
which he adds the nunt)ers and divides the total by the number of 
items in the set by report jr^ p responses correctly to within +0.1 
in both cases and showinp his work; 



03-Exc l4-l Given a diagram of /a rectangular wooden block which has tiiree sur- 

faces, obvloUsly unequal in area,jnarked A,^B, and,C, a description 
of a situation in- whicli^ the blockj is sequentially dragged on sur- 
. faceg A, B, _anql-9, and.iai set of four statements describing pos- 
sible results and their reasons and asked to select the statement' 
. ; . .... •■ ;\which..b(SBt describes the- :?^sult and its treason, the student 

• . r-^ .. applies the concept, that whfen acting oh a rectangular object the 
* • • force of frictidn due.; tfd. weight is constant regardless of the sur- 

.. . ^--'face area -on' which' the weight, rests by-. se^Lectlnd: the. statement 
. , • that supports that .ooncept, . • . ■ . • - 



. Given a list of four terms for kinds of energy- and asked what ,kind 
. of energy is glyen to an elastic object by conpressing 6r stretch-* 
'' ing it,* the" student classifies potential ener^^as. the- .kind of 
'energy given «lo... an' elastic object by compressing or stretching It , 
• by gg jeyt^ln g that -term.' 




\ Qiveh a sentence us:jjig the . term potential energy a^id asked to ■ 

define the term potential mer'gy. asMf id- iiO^Jstrat^S, the stuc^ent-- 
. • recalls 'either the; definition that- poten;bial energy is stored , ■ 
■ energy, or the definition . that it is the ability t.o do 'work' by . 

' with either definition. . .• i , 




.Given a diagram of the s&me splniglg moved frcm the lower end of a 
spinigig • track to the upper end' of the track 'and a . list of the . 
following variables: the vertical heights, from the floor to the 
spinigig at each end of the track, the dlagon^ distance the ■ , 
spinigig has moved on the track, the change <ii||toi^t of the 
s.pinlglgi. and the force needed to lift the splmgig on the track, 
and asked to. select the force-distance .pair of measurements to use 
for calculating the change in the potential energy of the- splnlgl 
from that at the lower. end to that at the upper end of the track 
the student classifies the weight-force pf the splnlgLg and the 
di-f ference in the helots of the lower and l;l^er positions as the 
forcej^stance pair of ireasurements to use in calculating the 
Chan^ln the potential energy of the spinigig by seleptinp those 
two measurements.- - _ , . 

Given the 'weights'_of three objects and the heists in- meters to ' 
which they "are lifted and asked to., calculate the potential energy 
of each object at its given height and to show his work, the ^ 
student applies the rule that to calculate the gain in potential 
•energy of an object lifted to, a given height, he multiplies the 
wei^t force (in newtons) of the. object, by the change in hel^t 
(In 'rreters) and reports the product in newton? meters by repo;f:^ing 
the correct values to the nearest newtgn* meter and showing .his 
calculatl^)ns . ' . — \ 




/o 



When asked to st^te Whether or- hot thp^^ is a change in the energy 

f an object when' it Is- lifted and if there is, to name, the kind 
of energy that is given tc> the object or^ if there- is nois, to State-'- 
-why there is not, the 'student applies the' concepts, that there Is a- 
change 'in the ,"eher^ of' an' object when 'it is lifted .and that the - 
kind ot energjr it is given is gravitational potential ' enei'gy by - 
responding a^rmatively> and s tating 'either the term potential, 
energy ov the tenri gmvitation^V' potential energy. V 



04-Core-7 
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•When. .asked to rme the metric unit us6d In ISeS:for ilneasynng' 
gnavltatlo'nal .potential energy ,, the student " recalls tha rnetrlc 
urilt n^ton-meter as the unlb ifor measuring, gravitational ■"■ 
potential' energy by QgjiiiQgf It, .'-.^ . , : . 



; Given 'an object sUspended' at. some, hel^t. from the floor, a force 
measurer, an appropriate newton ffdrce scale-, and a meterstlck aiid " 

. asked to , find the potential energy of the object with reference "to 

'the floor ,v the student . applies the, procedure for msasurlng the 
potential energy of an object. at rest, whlch^lrjclud^s measuring the >• 
distance of the object from the floo^,- mftasurfeg the wel^it . force . 

' of the object,. 'and multlplylrig the msasuremsntso together by . 
repo):n;lnf!: the calculated 'potential energy for^ the object" In , 

■ ' newton- meters within the range of +3% of the v;alue detemLnfed by 
the teacher. . • - ' ■ •. • ' 

Given a . diagram^ and a description of a system and a&ked to . \ 
Identify the Input, component and the output cenponent, the student 
classifies the Input conponent as the object, which *puts work ' '. 
(energy) into the system and* the output conponeht as- ,the object 
on whlch^ the system does • work by s9;Lec^lnj |!; the oonporfient ■ which ' ' " ' 
does work on the system as tl^e input* component and. the component 
,ori v\rtilch the system ' does work as tlae output ccarponent. _ ' ' " ' 



04-Core-9 



. -O^-Core-lO 



When askfed to write a definition for the term input wovk» - the 
student recal ls the definition that input work is the woric^don^ on 
a system (a thing or a collection of things) by respondlng '^o that 
effect. ' .V . \4, 

\ - 



Given four' terms", including energy' supplier^ and asked to select 
the term whi9h names t^e object,, that ..dpes work in a system, the- 
student classifies" the ener^ supplier in a system as the object 
that does work on somsthlng-else bjr selecting: the tenn energy 
euppiier. - • * ■TT"'^'^ .. 
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Given four terms, including ener,^:/ reaeiver, and aske^J;to select 
the t^rm which nwes the object in a system that has -work , done on 
it, th^ student classifies the energy receiver in a system'. as the. 
object tha^ has work dorjfe on it by something else by - 
the term energy reoeiiJer, 7 ' 



When asked to 'state how he Wbuld kllow whether an object is . in 
motion, the student applies the principle that an object is in 
motion if it can be , obsei'^d changing position, as time passeB.,. if. 



a -^olnt .on Itts surface -appears , to be moving, or if the ob^iect does 
'work on anrnfttht^cf bv' ^t^tlncL that he would .observe one'- oi*' thosfe". • 



Giv^h the infonmtion t/at a" s^iglg is'-set up . ' O^-Core-13- 

throu^ the skate, wheel- bearing? and that a mass -is 'attached to.. • 

the shaft by' a string' which is, wound up and asked to tell what . . • ^ 

effafct increasing- the input work woul'd have' on the speed of the 

splniglg a^ the mass falls the .length of „the string,' provided, that ■ , . . . •;. 

the fiunfc6r of disks is not changed, 'the student applies the . . ' 

concept that increasing- the lnput*w(?rk on a spinlglg will increase ^ 

the speed- of -rotation- Qf the. cpinigtg If the . nunber of disks • • ^ . 

remains the sane, by responding: that the '-speed gf the splniglg will • . 

{jjicrease. 

Given the nurrber of turns that ^ object rotates during a, period 04-Core-l4- 
of time and asked "to calculate the speed 6f the., rotation in the . ' 

proper. units and -show his work, the ^student a pplies the . rules that - . . , ' 

the nurrber of revolutions .of a turning object in a glv^n time " ■ - . ' 
"period is divided by the nurrber 9 f units of time In the time " ' . 
perioA'and that the quotient is reported as the nurrber of turns 
• per unit of tlrre by f^poytjnf the -calculated speed in resolutions - '•■ . 

■per .'second within the range of -a 10^ error. • , . 

^^^^ ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ ^ ^ - S ^I^^M^^^^Mn^rWtWn w T- ■..^ MM.imL^^^fcZMlJCZMI^^lJ^Z^MgW^^WT^T'''^^™*'^'*'*'*^™^^^^^^^^^^^^^^^^^^^^^^^^^^™*^^^^^^^^^*'' 

Given a grid showing plotted coordinates and exhibiting a best-fit . 04-Core-15 
line whiQh .curves upward to the right and asked to interpret the 
slope, the student a pplies the concept that a graph of a curved 
line that slopes, upward to the ri^it shows that an increase, in one . ' 
variable is related to an increase in the other variable but not 
.gtfc a constant rate by res p9nd;lp g to that effect . 




Wiert asked to name the unit used 'to report the s*peed of a rotating- , 04-Core-l6 
■object, the student recalls that urilts for reporting the speed of . 
a rotating object are' expressed as- turns — or rotations or ■ 

revolutions^-- per time unit .by responding wit^ sych a unit. . \ . . 

Given a labeled grid and nine coordinate pairs for which a curved Q4-Core-17r- 
line would be the best-fit IJjie on the grid and asked to plot the, . 
coordinate pairs and draw a best-fit lliie on the grid, the, 

student applies the procedures for plotting the coordinate pairs, • . • ■ . 

and dewing a h^a-h.-f^h- nurvftd- line b-vi p;^Qtting the joints and an-. ■ . . .. . 

approxirrate best- fit curved line that passes near or through the- . 

Given a grid showing plotted coordinates- and exhUDiting a \)est-fkt 04-Core-«l8 
line which curves downward to the rl^t and a^ked to interpret the' * . 
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slope, the student Upplles the concept that' a .curved best-fit line 
which slopes downward IjQ. the ri^it shows that an Increase in one 
variable Is related to a decrease in the other, variable, but not 
at a constant rate, by respondifig to that effect.' • ;.• 



04-Core-19i Given a descMption of a situation in which an^object is rotating 

on its axis and askeid to relate what -effect Incre^ing the mass, of 
the objept would hav6 upon its speed of rotation if the ^inputV 
' energy were held/constant, the student applies the- concept tha^' -- 
the speed of a rotating body 'decreases if its mass is increased 
and the'' input energy is held constant by respondlhg to that ^ ' 
effect. . . ' ' ■ 



4 



04-Gore-20 When asked to define the term mae, the student recalls the ' . 

definition that mass is the quantity pf matter in an object by 
- respon(^p to that effect. 



'04-.Core-21 Given a description of a situation in which an object gains 

gra\ntational potential energy and asked what kind of energy must 
be applied to the object to give; it the increased gravitational 
potential energy, the student recalls that in certain sitjiations 
kinetic, or nption, energy must be applied to an object to .. - 
increase its gravitational potential energy by responding to that 
effect. • ■ . • 



04-Gore-22 When asked what kind of energy an pbjtect has when it; i« "suspended, 

what kind of energy it has when Itjis falling, and|what force is- 
. 4, acting upon it to change the* form of energy, the student 

classifies an object's energy, as potential energy when thelobject 
is suspended dnd as motion, or kinetic ^ energy when the obje<jt is 

, ■ falling, and the. force acting .on the falling body as gravity, or- 

weight, by sC responding .. ' 



7 ■ ■ 

04-Core-23 Given. a description .^id a diagram ofJ a situation in Which an 

object Is lifted and allowed to drop on another object and asked ' 
to identify the supplier of input energy to the .system and the 
receiver of the oiitput energy from the system, the student 
classifies the supplier, of the ihput ener^ 'fin this case gravi-. 
^ tatlortal potential energy) to th? .system '93 that agSnt 'which lifts 

- - - th^ object and-the j:i9cei-ver--o-f-the output energy^ from the -system- 

as the object upon whilch the eilergy is expended by responding with 
• - , their names . ' - ■ ■ ' ~ 
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047Core-24 Whien asked how^he can tell how muchi energy there is In a mo^ng 

J object, the stud^t applies the concept that' the energy in a 

* 1 * •• • if ■ * 



mDvlng object can^be quantified. by measupllig the. wprk. it.^s on, 
annhhifcT' fth.1ftp.t hv 're^Donc^g tb that effect. • 7''^ . 



Given a. degcript'ion of 'the work done by a niDving Object, together * 04-Cope-25^ 
with force and distance quantities , and asked how much motion 
energy the moving object has, the student applies the concept tha,t 
' the measure of a mo\)lng object's motion' energy is determlh^d by 
measuring the work the moving object does on some other object by • -■ •, ■ 

reP9rtii)g .the work done to within 'H newton'meter^ , : ^ 



•Given a labeled- diagram in^ which some of the ^ergy receivers ^ and ^ • 04-Core~26 
suppliers ^e mislabeled and asked to identify the .energy 

suppliers- and receivers which are mislabeled, the /tudent ^ ' . ' > , 

classifies an energy receiver as the object upon vJiich work is , , 

being done or whose motion i^ being altered by another object '^d 

an energy supplier as the object which is doing work on another . 

object or altering its motion' by .selecting as mislabeled those 

for which the above definitions are reversed, 

Given a description of a situation ih which an object is movecl 04-Exc 15-1 

without loss of mass to another location where there 'is a deore^^.e- ' 

^n the force of gravity upon the object and asked to state whether-. 

ther6 would be any change in the*mass or the wei^t of the object 

between the two locations and to state how he knew the response to , 

give,- the, student applies the concepts that whereas the wei^t pf , • . • , _ 

an object Is dependent upcp its location, its mass is not, by - 

^tatj.ng that the mass would not change, the wei^t would. decrease, ^ 

and the essence of the two concepts , ' • \ 



When asked if an object's mass would Changs during a trip from 04-Exc 15-2 , 

the earth to. the irbon and to Justify his .response*, the student 
applies the c6ncepts that an object '3 irass is a measure of the . 

amount of matter it contains and -is independent of the location • ' 

/of the object hv ■ responding that the mass wOuld not change and 
giving the preceding notions as', the reason. '-\ . ^ 

Given a>^tatemsnt reviewing the content of Excursion' 17, its 04-Exc 16-1 

title, "P«»rerunner3 of Space Travel,"" and two sets of options a|id . 

asked what each of eleven scientists had in, coimion and what -.' . 

Newton meant by his-stateneht, "If I have, seen. further; than other 

men it is because I have- stood on the shoulders of giants," the 

student classifies science as a creative activity productive of 

idea§ and scientists as builders on the ideas .Of their predeces- - ^ . 

sors by Selecting the\ option 'in each set ^ which Sigrees" with one of 

those notions. ... ' , ♦ ^ '.' . ■ -■ 



■•V> ' 



04-Exc 17-1 



Given four grd^hs , each exjilbltlng a dlfYerent relationship 
between the s'airia two variables, and' four statements of (ilfferent • 
relationships between .these two variables and asked to match each 
graph w;lth the statemfent^ which describes the relationship it . , » 
depicts , the student classifies the relationship be^iween variables • • 
in linear and sinple ctirve graphs by ' ma|:9h^g each' graph and the . 
statement whicli describes the relationship' it depicts, correctly 
in each case. 



04-Exc 18-1 



Given three graphs , each illustrating a different linear relation- 
ship between the same two viriatples, and a set ^of four stateirents 
of .possible relationships of the variables "and asked to match each 
statement with the graph which depicts the relationship described 
bj^ that statement ; the student classifjles the three linear graphs 
according to the definitions- that a stral^t-llrie .graph with the. 
line ascending, from left to ri^t shows- that the two ^Variables 
vary directly, that a stral^t-line graph with the line descending' 
fn6m left to ri^it shows- a decrease in one variable as the other ^ 
vari^able ihcreases , arid -that a straight-line graph with tl^^" line ' 
parallel to or , vertical to an axis shows that/ an increase in one. 
of the variables has no effect, upon the other varl^le'bv matchipp ' 
the descriptive statements witfi the,'.graphLS, oorrrectly in^ach 
case. ^ ' ' 



T 



O^l.-Exc 19-1 



Given a description -of a situation in vrtilch two-objfects of Imowh 
"iTpss are moving at uniform but different known speeds and: asked 
which of. the two objects, has more kinetic' energy, to state, how ' 
much moTe-, to show his work , and to..decide vrtiich pbject would be., 
-more difficult to .stop or would do more damafes, the student 
applies the formula KE = 1/2 ms2 to calculate the .difference in . 
energy between the two moving objects by showing his calculations, 
reporting the difference between the proc^cts within thel range of. 
+10^, and select ;Lrtg the- ohlpnt which, has fflore energy. • 



..M>>. 
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When asked to 'name the kind of energy given to an elastiO' object 
when it is sA^retched, the student classifies tjie '^efgy ' ap'quired 
by a ^stretched elastic bbject as. potential' energ/ reBPOMj^ng 
"potential ener®/'.*'' . 



05-Cpre-l 



Given a clata table "showing that a small force aoting .o.ver a great 
distance may produce more woi^ than, a larger force acting over a 
smaller . distance and aslced whether "it is possible that work done 
by a smaller" ■ force can be' greater than work done by a lafrgel* -force 
"and to defend his response, the student applies ,.^he concept that 
bectee work is the product of two variables — the force acting.^ ^ 
and the distance throu^ whixjh it-acts -r- work is 'dependent on the^ 
size of both variables,, not Just one of them, by rest 
positively and stating the essence of the concept. 



Given the Initial jmd the final quantities of a' va;plable forces, 
such as those from an 'elastic object, and ttt^ .distance throu^ ■ 
which the force'^actB and asked to determine the potential, energy 
of the object, the student applies the rule that if a variable 
force acts throu^ a 'distance, the potential energy is calculated 
by multiplying the average of the initial and' the final force 
amounts by the distance through -which the force ^cts by " 
calculating the energy according to the formula, and reooiH^ing it 
within ^he rahgje 'of a 10^ error. . ' ■ . 



05TCote-2 



05-Core-3 



When, asked to write an operational .defiaition for kinetia enevgy , 

the student generates an operational definition for kinetid energy 
■ which includes its detection by obsenrlng'vraovement of an abje6t or 

a change in its position from a. reference p6int and its measure- ^ 
.ment by measuring th(S amount of work the .moving ,^ob J ect can do on 

some other object by ?tgit3,pg those"' not icns or the 'formula KE = 
*-l/2 ms2. ■ ■ , ■• • 



' When asked for a way to tell vsrtien kinetic energy is present in a 
..situation, the student applies the definition that kinetic' energy 
Is the energy of taction of an object -by st ating that its, presence, 
can be determined .by- . observing whether or. not , the object has-", 
motion .or changes its position;' ■ , .'f ''y ' ■> . • 



05-^Core-4 



When asked how to^ measure the. amount of kinetic. energy a moving 
object has, the student, ap plies the concept, thafthe energy of a' 
moving object can be nefiisured by,4etennlnin^ how muclp work it Can 
do by sta^ Ji j ig that he would measure the Wof'k the '.object does. 



■■.^.O^-Cor^-5 



O^-Core-B 



Given 'a^disigram and a description of a sltuaitiort in vrtiigh an 05-Cor^'-^7 
ejastlc object Is (l).bent pfogre^gively through.. f'J-ve posit ions.to _ 



■ *** *..... * / * ■ * • ■ . ; 

• . • ^ . . . ^ •■ .. .. ,i - t . ^ . 

• ■ ^ •>• , ■ ■■ • ; " • ■■. ■ ■ ,. -.-^.s , ■ • • 

• •• • • . ■ • •• ■• ■• • -• . '■, ... . ' ■■ ■ • '■■ ■ . ••• > ■ 

.• a maximum potential energy content and ( 2f)" released sq ais to • . 
conwrt . the . potent lal energy to Idnet Jo ener 
identlfV (1) the. position at whioh th6 object h^s the greatest . . 
amount of- potential energy and (2) the p6sitl'&i'.:6t 'Vrtiich the 
. ^ object has the greatest kinetic ener'gy,^' after being released, the.. 
■ . ■ ' .• - student agglles the concept .ijhat th^ .potential energy of .an^ 

. / >• .el^tic object is gr»eatest wl^en the obJeCt 'is bent to its "limit 
. .. and the kinetic energy is greatest vrtien'lt reaches its position of 
' least tensiCMi upon being r|LLeased fi?om the point of greatest- 
... ' .poteritlar ener^ by ggi^^g^Jog. the position ; of .greatest tension as 

.\ V'.^ . - the ■'position of greatest potential enef^^^ , .• 

/ • position, of least tension as 'the'ppsitic^i of greatest kinetic , 

• . energy.. . ,■ , , ' ' 



05.-c6re-8 ^ ■ Given, a , diagram and a description .qf a situation, whl.qh includss ' 

two unequal opposing forcep, of stated sizes, and alternatives ' f^ 
vtolch 'to select; the -resulting force aripunt^ .^ 

mertt and askefi to determine the amount 'of net force acting aiffi its 
dlrectioi, the igtudent' generates a solution to' the problem of 
■ determliiing the amount of net force acting and its, direction i% 

selecting the Btaterrents which agree with the ..concepts that when . 
•i^ > twoopposing forces are acting on aij'object , :any moveipent'will-be- 
'• .. • in the direction of the ^larger . force and i:fcs, amount is determined 
• by the difference between the. two. . ,. 



05-Core-9 Given a water-drop record showing^ the motioh.of a water-oitoGfK cart' 

with the positions of the cart indicated at regular interVauLs and' ' 
• • , asked to select areas on the., record Indioatlng an Increase, a 

, ■ decrease, and, a constant .speed as shown by a change in the dis-- 
. tahce between 'dots, the student v Classlfies . the Intervals as 

;. followsl (1) the cart Ip Increasing in»spee(| Vftien the distance 
between the drops increase?, (2) the ,G«rt ig .debasing in speed • 
, when the distance between the drops decreases, ^d (3) the cart is' 

•'. " maintaining a constant speed when -the distance between the" drops 
is constant by listin g the apprpprlate,-,lntervals . . 



.05-Core-lO ... When asked to name the force that supplies the kinetic (motion) 
■ ■ ■ " . energy "to a.:ppecific ob'Ject v^erj it is released on an incline^ 
■' -. .,.plane without being pushed, the student classifies feraylt^V 

♦ (itfel^t). as. the force, which gives motion, to objects that roll down 
. , . inclines, iahen they are neither pushed nor- pulled by a force other 
than gravity bv responding that the, force is gravity or wei^tf 



*05-C0re>-ll" Vfrien asked to name the force .that causes a specified non-self- 

powered folUrig obJe*t to slow down* and stop Without being stopped 
by some other 'Object, the student classifies friction as -the force 
that -caueies a h'cai-self-powered rolling Object to slow down and 
• stop bv i*63Dondlng that the force is friction. 
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Given 'a, descripticn of a situation in whi'ch Usefi4' outRUt 6,hergy' 
'i^ lesp than the input- energy Wid asked to name the force that' 
Oauses this reduction' of useful output energy., the student 
'classifies fUction as the forrce whi(^ reduces ~the useful output ^ 
energy of an ..energy cpnverter by nam^g friction as the force. 

Given a quantity of input work in "newton* meters, thi^e quantities 
of. output work,, one of i«*id,ph is less than, one equal to, and one 
'greater |han the input woi^, and three alternatives each purport- 
ing to Justify the selection of- a particular quantity_of cutput 
v/or^k and asked to identify a possible amount of output work and 
his reason ;.fo;p, choosing if, the student applies Jbhe ccncapt that 
. output worl^ is always less than input work by s/lecting the lowest 
nurrtoer and the §,tatement of that concept. . ,^ 



05-Core-12' 



05-Cpi;?e-13 



Given a description of a situation involving frlctlen and asked to 
naire the teti^'erature" change that occurs, the - studeht applle'^ the 
concept that energy used to -overcome friction caused an-'^inorease. > 
in tenperature by selecting the teiro inoreas^. 



When asked to list six forms of energy, the student recalls forms 
of ^energy such *as heat, ll^t, electrical, .fx)tential- , kinetic 
(motion), mechanical, chemical, sound, atomic (nuclear) , and. 
magietlc by listing at ieast five.. of those forms of energy, ' 



Given a table.- and a description of ' a situation in which " a rton- 
elastic object la lifted and dropped and asked to describe the 
changes in'" the kinds and fimounts of energy that the object unde]>-- 
goes, the student applies the coicept that an object that is 
lifted 'and dropped gains potential energy as it is^lfted with 
.Kinetic energy, has maximum potential energy and no kinetic Energy 
at its maximum hel^t , loses potential energy and gains kinetio- 
energy as it falls, and has no pptentlal energy and maximum 
kinetic energy when-lt strikes the floor by selecting $yom the 
"table the relative amount^ of potential and kinetic energy for . 
each descriptlcaq. / v ^ ■ .- > 



05-Core^l4 



05-Core-15 



• When asked to describe a- procqjilure for detecting and measuring ' 
"'li^t^ehgp'p'^ifr sbnB""mam the 
stuclent ^nerates a procedure for detecting light energy in which 
a reaction caused by the ll^t is obser^d In scarie. object, suql;) 
as the turning of the paddles u^f a radiometer or the^ movement "6f ^ 
the needle of a li^t met er^ and for measuring the Intensity of 
,ligit by measuring the amount -Of movement by stating the operar- 
tions needed to get such a response to lij^t energy. . 



05-Core-l6 



05-Core-17 



05-Co]?e-^l9 • ■ Wheh asfed to ldentiiV a device; 

" . _^ - > ...do olaseB^able ;W{3rk: and. t6 describe hew tl;i$^ device in<31cates that- 

. ' work 13 -^ihg 'done.,'' the student - applies . 'the dsflhiltlort that work 

•.: , Is evidenced by- a change In. the . motion -or' the posl^ 

^' • , thlng.'bv- namlpp: a ll^t metei' or a' radlaneter and statlnp: thatj 

•■mptlon ln,auGh- a light '(^tector .lfidlcates that- th6 U'l^t is doing 

• '■ - --i-*- Work. '■ . . "■ ■ • ' . ■ 



V 



.... . p5-Corerl9 . ' Given a palm glass ancl dlfectionS for its use and a^ked to idehtl- 
; . '• \ • ,. ^ ^ list of. fpur ■ choices the' forpi qf energy, .that.' causes' the 

' liquid to mqve, the student classifies heat "as-'the .energy form 
^■ •• ■ • •■ ■ that causes liquid to move in a nalm glass.- bv s gleet Ihfe Mheat." 



05-Gore-20. When asked to give tv(o examples which show that electricity can, he 

• ... donverted into kinetic energy, the 'student applies the ooi^icept 

■ "•that electrical energy can be co^vertecV; into kinetic energy by- 

stating any two instances in which el^dtrlcltV is us^d'to pperate;' • 
V an .electrical device -in .which an object or' part, of it gains 
klneticJ eher^. ' " '. ' ' .... 



05-Core-21 Given, a sequence of six obeervaticshs, In which energy Is converted . . 

/ • from potential ener^ to'-kLnetlc ener®^ and back again and asked 
\ to IdentlfV the presence of ehergy conversions of potentlB^^. to 
kinetic energy, of kinetic to-potent-Lal energy, or the absence 'o/ 
' . convei^slons, the student classlfj.es a ^situation as involving an . • 

energy^e conversion frotfi* potential to kinetic if an objeqt gains 
motlonTecause of a change of its position, ' f^^xDm kljietlo to . 
' potential if energy of -motion is ^lost','to change the position of' « 

an object 'sq that .lt can-*release energy V or as invol^ri^^ neither' " ... 
■ _ . if there I3 no. change by so yest jop^p g. - ^ \. ' 

. ^05-Gore-22 Given a -list of five statements purporting to be descrifftive of 

' . energy and asked to identify tftose statements. whtich ^accUrately 

describe the characters tics of energy, the student ciasslfies 

. ■ the stateiTents ''^Eheii'gy can' exist in, nere than ^ form," "Ener©r, ^ " 

'• can be transferred fipifi one system to alfiother," and "Energy can be.. ^..^ 

• .• c6nverte(3 from one ' form to another" as characteristic of.ener^ by 

■' "• . ' selecting only those from the list. - . ' • ' . 



05-Core-23 ; ' Given a diagram of a situation in^ which -electrical energy is 

converted into t^iree forms of Output energy, . heat , li^t, sound, ' 
or kinetic, and asked to name the input and output forms of /energy 
' involved, the studeht classifies electrical energy as the'inpiit 
energy form and heat, li^t, sound, and kinetic energy as' the 
output energy forms by so 



ERIC - . r . 



VBien asked .'tq "list three energy converters . found in -his hbm6 and 
^ the •'inpnt and . output' forms of. energy for each, ^he " si^vident r 
classifies dgvLpes irivolving different input and output f onus of 
energy as §nergy cbnverters' bv naptLpg three^ devices found in the 
home which.'perform energy oohyersions' fend the input/and outpi^ti; ; 
'forms- of energy for eaQh. ' .• ' y , . ''X'*. 



Given data... on the. dripping of - a water clock gn a.jiiovlng cart, ^' ., 
'including the time elapsed between the first and last (N) drops 
to fal'l,.and the distance between drops as the cart moves., and • 
asked to conpute the speed of the cart in centimeters per second 
and to show his work, the student applies the 'rules for- measuring 
the "%ve:i?age linear speed of a water-clock cart by whicj;i the time 
interval between,, any two adjacent drops is calculated by dividing 
the .tin^ for N drops, by the number' of time intervals (N-1) and 
the time interval so obtained is then divided into' the (^stance 
the cart moves between two adjacent diJops bv- calculating . and 
yepor|:ing the speed of the water-clock cart. 



05-Exc 2Q-1 



Given a spinigig dlsk^ a 50 cm string, a meterstick, and a de- 
Scripti^ of a situation, in which an object moves around the cir- 
/'cumferen<?e of a spinigig disk in. a given number of seconds , and 
''asked to detemin^ the average speed of the ..object and to sh6w.. 
his work, "the student applies the piK)cedure' for .determining the^ , 
speed in centimeters per second of ..an object a^i^ounci a disk in 
which he .measures^ the circumference of . the .spinigig disk in meters 
to find the distance traveled, (cm) and divides- that 'distance by- 
^/ the time' (sec), by calculating and reporting the speed within thev.- • 
range of a. lO?^ ert^or .. " . 



'^V 05^c 21-1 



-Given a description of a moving object, including its mass, its 
speed,- and related but irrelevant data, and as'ked which of the 
variables listed are used to calculate the momentum of the. object,, 
the student classifies the speed and the mass of an object, as the 
variables,,-which determine, momentum by selecting those variables. ^ 



05-Exc 22-1 



,Given *a cUagj^am shovdng a clrciiLt Ijnidorrplete be(^ uncon- 
•riected wire asked whether, or nq^i.hdme cirftiiLt cbrrponent, euch 
as a ll^t 'bulb, a motor, or a b^lif will be activated a^id .to ex- 
plain his response, ^ the student applied the rule that current will 
not- flow -ia^an incorrpl6te circuit - .bv responding "to ^ the effect that 
the* component ^wl 11 not be activated -because the circuit is not^. 
corrplpte, - - . - 



O^rCore-i 
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Given a sanple of copper, s.ulfate solutlon,'"the,.ififormatlon that 
the solution ^.s the ^a^. as ..the, blue solutioil r«sponsib3.e' for the 
reddish-broWn/coating on the carbon rod in a Chapter 12 -exp^ri- 
msnt, and four alter^native materials .wl;;lch might- have been respon- 
sible for. the coating and asked .which of thera is- responsible for 
-the coating, the student recalls that the blue .splution he us^d 
In connjection with Chapter 12 contained copper % 'se2 



"coppgr." 



"Given a ' copper-coated carbon rod and the infonpation that it was 
produced as a result; of the activ4.ties done in Chapter 12 and 
asked to identify the material that , coats the i'od, the student ; 
identifies the i^eddi^h-brown. , solid on-.^hfe capb9n;rcd as coppei;' by 




•Given a description of a situation .'in., which energy ds being stored 
In' a chemical iell (a battery) ' and asked what ^energy "cgnverglon 
^ takes place in the cell, the" student recal]^ that . electrical ener- 
^ is changed into chemical- enei?gy When a battery Is charged by 
selecting the statement '^Electrical energy is changed into^ 
chemical energy." , . ; ■' " " .. , .■ .■ ' 



Given a list of four forms of energy,, one of which is ch|$ndcal, 
and asked, to select th^ form of energy . that is stored in a^' bat-; 
tery, the student recalls that energy is stored in a battery as 
chemical ^erg^ -bv _^^t|ng:-.thafc.-the-f-arlii..Qf .energy "is. .chentlcal , ' 



When asked t© .describe what happens inside a rechargeable battery 
during charging .and di^c^harging, the student appl-ies the concepts 
that charging a batter«y 'means, storming energy in It by. convertirig 
one substance into another and that during discharging, the re- 
action is reversed, releasing electrical energy, by 
with the essence of those notions.. 



06-Core-2- 
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' . When asked what is required- to make an electrical circuit com- 
^' ' . plet'eij the student recalls that a complete electrical .circuit is 



06-6ore-7 



ERIC 



3T 



\ 



one vifilch has an unbroken bonductlve path throu^ v#)l<?h';eleGt):d:cal, 
current may ^travel bv i^espondlng to ;i^iat effect. ; y^. ' •'•.'>, y:,-.x-: 

Given, a chained "D" ^^.ze battery^-tv/o f^22 bult?3 .a^y3-v§QeJ«etff^^^^ 
. three ^t as i' leads ;and asfeed to •' connect- the bu3i?3 InJseW^ 
■ the materials felven',' the Student applies the concept\that in -ia 
series circuit, the "conpohents are , connected.'- so /that the current ;'• 
must flow throu^ them in successicin- bv \ connecti]ig; the "Cor^oherit^; , 
111. such a way that when .any ohe' df ■'the bul^^^^ f^m the*"' • 

S'ocltet the other bulb goes. out. ' , , ■ . ■.'^ -^'^v., ■, 



When asked to diagram 'ah operable circuit - containing' a sWitch, a, .• • 
battery, and three resistors,- such a^:.bl^lbs. or wireti in , ' 

series, , the studfent applies the: rule th^t a'-'Serl^s circuit i,s '.^i' 
wired , so thfet tji^ 'electricity follDws a' path/ f^ra bn^ battery ^^^^ >■ 
temlnal throu^/ the switch and each of 'the .appliance's in siiqcesr.. 
sion, temina!ting ^t the other ' battery . .temLn'al by ^JiagEBBtoS the. ' 
circuit to show. that relationship;. -V . '■. ■ • ' - 

■ . - - •- -. ■■■ ;,: • 

(iiven three descriptions, each Involving tWb electrical. .devices 
.wired either in series or pdtruLlel confi^guratlon, £ind a 'statement 
of th^ effect' upph ' one? ^device of the othen.^evice's'.ceipLslng to ^ 
operate and..as,ked to Identl^V In each case v^iether- the, wii*ln^ . 
(circuitry) between th^. tw6. devices is' series or ppral^lel;- the , 
student . classifies ^ the wiring ' ( circjuitry ) as.» g er^les when . one' ' ■ - . 
device's, ceasing to operate causes the second' deVi^ce to' s.tbp^ ' " 
Operating and' as^ parallel when one devicfeta. 'ceasing' to opera,tQ ^ 
does not affect the second device ^bv naming each ^caae .aQcordinglv> 



V :. \ i /■r- - . .; . ■; ' : - ' [ ' " ' 'hi 

Vfrien askted to diagrarft an operable ciroilit-pontaining a b^ttbry .arid 
three resistors, such as bulbs or motors,-' v^red In^.paraliel,.. the 
student • applies the tuI© that' a parallel circuit is wlri^-.§p 'that 
the electricity flows from ohe terriiinal 6f the battery, through 
each Qf the VppHan^.es^ directly and from^ the opposite terminal, .of . 
each Q-f the alliances back to the bther'lsattefry terminal by - ' • 
a circuit to show, that relationship. • . -■ . ; „^ - ' 



Given a charged, "DJ\size battery* threef-. #222 bulbs, and sockets, ■ 
and. six test' leads and ask^d tb connect the bulbs Inc parallel,-; 
Using the materials gi^n, the student applj.es the concept -th'dit 
in a. parallel circuit , each com^nent is connected sa.itMt the 
current floydjag throuj^ iV. need hot' pa^s tl^roug)! the ot^ier .Z' 
cpnponeints in the circuit ooryiedting the .oomponents -so that 
v^rtien one or' -two of thfe bulbs\re removed from the sockets, such 
bulbs as remaki stay lit..'' 



■Qlte a dijai^m-of a aerief-0ilipc,u^;t "p^^ what effect addlrig 

series resistors; .to -the Gli'cult would h|ve" on the spmfit of ' : y 
'eiectricfitl ^nergif each- circuit, eiement receives, the. ptudent"^ 
applies .the principle.. that- each re^istoc. add^d tb a. sferieS'.' circuit 
causes evbrj^. other resistor in the clrci4tV'.to!'i:^ceive -lessr .el^^^ ■ . 



to that effect. 



Given a' diagram of a .conpiieted series cirpuit •cpntalnihg two. re"- 
sist6rs, such as Bells ,. bulbs ,-. or motors, a closed switch,, and' a , 
current source and asked how, to reduce,^ the amount current flow- 
iflgv that isi, • to . make ' the bulb dlminsr , 'the student .applied ' the ' • . 
rule that increasing • the ;r^istance of a emeries circuit; by adding 
reisistors -to the-'circuit denr^aaefi .the flow' of Current -bv> stating 
either (that he would add another ^sis tor in serlbs in the ci:^cuit 
.-or that'he. wou:i.d substi^ute.-a resistor." with higher resist ance.fOi? ■ 
vbne of the "resistors already, in the circuit. .^ .■ , - . - 



Given "di-agcains' of twq parallel ' cirbuits and . two series, circuits ' 
anji -disked to classify 'each oircuit as either parallel or, series, 
the student, classifies . the circuits - as. parallel if a diagrapi. shows 
more than one pathway- from the battery, to ..the resistors, and as. " ^ 
seriesi.if , .the pathway fC5r* tbe electricity 'is shown going, to each 
resistance, consecutively 'bv'" ;indicatirig the- oijxuit tjrpe in eael^ '^J... 
case. ' . , ' . , . " •, 



When- ,^ked why the,/ t'enpe.rature of a resi^tpr risfes vrfien electrici- 
ty is passed J:hrou^' it;, the, studerij app lies the cohc^t *that when 
electrical energy pSi^se^ throX^gh a material, " some of that; electri- 
cal energy is .changed into, heat energy by yesppnd^pp to^that 
effect".- • ■ ^ ■ . " ^ . ' 



Given' a diagram and a description of a situation in which a. - 
..currentr-carrying wire and a. magnet ai^ brought neai* each other and 
. 'only one is free to move and asijed: what, if anything, viU happeft; 
'the student applies, the eoneept that there will be a force ber»'':, ,' 
• . tween the two object? bv predicting that the object free v -to rtove 
^ Will .move". • . ' - . '■ ^ ' ' ' ■ , 

.^XiJhen asked tP describe the effect on the magnetic strength of a , 
r coil of wire" of varying the number of turns of 'wire on an^electro^ 
. magnet, the, student applies the; concept that the strength of an ' , 
electranagnet varies with the number of loops on the coli:iof wire- 
by so stating . v, . \ '. -' - s ■ 
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. 06.^oa?e-.19 V \Given ^ "^ist Iqur. ^tateitfents including "■'j^ergy can exist in 

-; -/m6r*e than one -form" and •''Ehe^'^ can be/tpansferred' from one sy^r ,. 

•. . temto another'' an^i^.ask^d- to 

; ' . .. '■ scribe the 'eharacterist3,M5s of energy, ^tne 'student Qlassitles only.-. 
> . , .• • ..those . -CWo'statentents as characteristics of enertzv by selecting ' 
" .them from the list..".." 



*, . ... ... . ^ ^.^ ^ . ■ y - ^ 

'•;06-Exc 23-1 ■ Given a drawing. of a battery showing , two Ibad 'strips in-'ati ^lunDnin. 

; / l^rrf chloride solution and a list of materials,, sc&ne .of -which will V' • 

, ., ■ affect'' the amount of electrical er^rgy given dff by the battery,, . • 

^ ••. , .. ...and apked to seiept'th^ entries that indiCiate" variables, which wllj.- 

■ ■ " ' affect the amount of electrica^ energy give.n of:^by the battery, 

• \ . / • the ..student classifies the type . of m&tal In the strip'^d the type 

\ . .■■.of solution as the variable^- affecting 'the aornount' of electrical.. • , 

\ ... 'enej?gy given "off;, by a battery by sfelectlnp those variables. : • . 



Q.6-EXC 24-1 Givqn a . llst qjT descriptions' of chemical changes and, asked' to se- , 

^ ^ . .• . ., legt the lettp's of the items that ihvplve the phi^nomenon Of • "' 

.'stored chemical energy undergoing a change in for^, .the student* 
, . . ■ " .i applies, the «9nce^t that chemical 'changes dn vAilch . chemical er^^ ' 
... . .... gy-is given, iff'' cah^ be identffied "by the -produotion of light, ' , 

• ^ . . . /; ■ , • heat , eleptriclty., b.ybbles,.oi^.. the ^physical scattering- ©r-.. 
■ ' . . ' rgactants.'by se^ec^ging descriptions of such occurrences. • . 




06-Exc 25-1 • , Given thr^ measurements -made in the .f^^t instance with sipple- 
' ■ . ^iteasurin^,!Jdevice ' and' then, wi^ 
" ..^ jnents a^^-asked if he now knows' the-, ^jcact value 'of the "measure- ^ 
ment 'an,^'tb explain his answer, the student • ^ pli^s ,,the '.'concepts , 
that, all, m^uremonts, no matter hOw precise, aPe approximations'* 
and that it Is impo'ssible. to.ellminatfe errors in measurements by " 
respondi.p ji$ negatively and with the effect pf the* concepts. ' 




06-ExG 25r2 Giv^ri a gMd containing uncbnnec^Qd' points and -asked to draw the 

■ " '' n ■■ best.Tfit line for the points given-, the student applies, the Gfon^. 

, . ' .cept that a best-fit line is a ' smooth cutye with as many points. ' 

> ■ , , ab'Qve as below the line by drawing such a line on. the grid.. ' 



Q5-Exc 'SS-l Glv^n a list of situations invc^lvihg possible .ctlfferences between 

'- - . .. parallel ^nd . series circidts- and asked which desoribes' a parall.^^ 
, ." * circuit, the student ^plies the principle that parallel circuj^ts 

' allow the electricity to follow any one of several independent - ' 
.. '; . paths, by sele,ci;;lr^ the response which mak'^S that .statement. - 



Ci6-Exc 27-^1" ' » ^Given.a drawing .of .a' copper .wire passing perpendicularly tl;y?ougN*a 
^ \ '■ ■■ • .. .■ file.. card on which blank-faced compasses hav6 been positlbned 
. .■. . ac<o\jnd;the Mre and %Sk6d. to draw the direc.t ion that thexampa^s 



needles will point if the^^aises are. laid af various indicated 
positions al^iS^d -the wire, Xhe yktudent applies the concept- that 
the»Tna0^^ic field arouhd a we thh^ugh which electricity* is 
flowing lA a series of concentric circles by d^rstftfipg 'the direction ft 
the compa^ needles will point on tracing;? of the blank-faced 
cgmpasses/shown in .tel/ie problem. 

— ~ — ^ — — ^ ■ ■ ■ ' r — ' ' — ' ^ 



i 



Given a- list of what purport to be el^aracteristics of a sclent if-. 
"Ic iTodel' and asked to select ■ the statement which Is not . ^. 
•.oharacterlstlc of 4 scientific rrDdel, the student recalls ,that a 
model Isyan exp|6mtlon;:'whlch^',establls,hes a ■relationship wit^tt^ a. 
set of otigervatlW* data, or "jesnersillzatlons by means of^a nBntal 
or physi'cal picture qv a mathematical equplon by selecting the 
statJemsnt "It is an experimental observatiph" as npt character- 
istic of a scientlflJj model. .... ..^ ' 



oy-Core-l 
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•Given a list of four p3urported sources of spienti-flc models and' 
asked to choose the Qorrect source , the student recalls that 
scientific model:s are thou^t up by men by sejLpclping that entry. 



OT-Core-a 



When asked to state- two things done by a .^od scientifio model, 
the student redalls that a good scientific model (1) suggests 
questions, (2) explains observations, -.(3) suggests new experi- 
ments and .( 4 ) predicts the nabure of the results of those new 
experiments by res poi^dlnp; with at leasf two of those four. 



07-Core-3 
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'ven. four statements purporting to be characteristics of 
scientific irodels and asked, to select the statement which best 
describes the models that scientists use, the student classifies 
the conce|)t that, the models scientists use may be des.cribed as 
useful rather than as correct by seji,ect;.pp the statement to that 
effect. ■ . " .r 



07^ore-4 



When asked .to name three characteristics assumed to be true of 
the electropartlcles in the ISCS electroparticle model for 
electricity, 'the .student recalls that It is ai^suired that electro- 
particles (l) can be given energy, (2) can move from place to^ 
place, (3) can give up energy, {K) will t»ove throu^ conductors 
In a complete circuit, and (5) will lose all their energy- in so 
doing by T;^spop,(^p^ with at least two of those assumptions . 

/ " • • 



G7-Core-5 



Given a dlagrajn of an'|^CS battery charger connected to a charging 
ISCS battery and asked to describe the assumed path of electro- 
particles and .'to expiklri the charging of the battery.-, using the 
ISCS electro.partlcle model, the- student. -rg?calls that low energy 
electropartibles nove oub of the I9W' energy terminal of .the 
battery,, • rtecelve venergy. from the char^r, and return to the 
battery; throu^i wie hi^i energy .terminal by desgrPPlO E the path 
of t.h§'electroi5artlcles arid epqp]^^"}-!^;^!^ the charging of the ■ • 
battery as outlined above.' 



07-Core-6 



When asked whether scientists can 'deVfelop mere than one good model 
to explain the same phenctnena and if so, h'cw would a scientist 
decide which one to use and if not , why riot , the student recalls 
that, more than cne, model, can be invented which can be used to 
explain the same p^ienomsna and that a 'scientist uses the- model ' 
which best suits his problem by respondiptf affliroatively and with' ' 
the notion of the concept. 



^ . . ■ ^ ■ ..• - 

".When asked to use the elect^ropsirticle nodel to describe the 
process of charging a battery ^ the student applies the assumptions 
of the electroparticle model to the process df charging^ a battery 
by descrlbln j g the battery charging process , U3;lng the notion that 
the chargsr gi^^s energy to the electroparticies which then return 
to the battery and are stored there with their extra^ energy. 



•07-Core-9 When asked to use the.Ii^CS electroparticle model to explaJfi how 

energy gets from a charged battery to a given conponent of an 
^ electric circuit, the student recalls that hl^ ener©r electro- 
particles carry energy from the battery to the given conponent, 
give up their energy, and return to the battery as. low energy 

, % . electroparticies by respopdjli^ to that effect. 

■' ' ^ < 

07-Core-lO ■ When asked to use the ISCS electrqparticle mcxiel to describe the ' 

function of the two poles of a battery vflien it is connected irito 
a conplete circuit, the student Recalls that outgoing hi^-energy 
eleotfopartlcles leave the battdry i*rom one pole and that return- 
ing low-energ7 electroparticies pass into the battery through the 
o\per pole bv responding ,to that effect. 



07-Core-7 
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07-Core-ll When asked to describe what happens -to the current fl.ow vAien a 

resistor :-is added to a circuit and to use the electroparticle* 
model in his response, the student recalls that the resistof 
f all6wa TeWer felectreparfcicles to flow through the circuit in a 

•given period of time by respondifig to that effect. 



07-Core-12 Given, four factors which purport to determine the nunter of 

electroparticies v»diich pass throu^ a resistor in a circuit in a 
certain period of time and asked to select the factor which 
determines how many electroparticies pass throu^ the given 
resistor in a fixed amount of time, the student applies the 
feature of the electroparticle model whiah states that the nunter 
of electreparticles flowing threu^i a resistor in a cireuit in a 
^Lven period of time ip dependent upon the energy of each electro- 
particle by selecting the. item which states tftat it-, depends upon 
the energy of each electreparticle. 



c 



When asked to list three phenomena of current flow which the ISCS 
eleQtropartlcle mDdel does not eJcplaln, the student recalls any 
two of the following phenofnena not expl^^d by the electropartl- 
ole model: (1) the capacity of electr)(5partlcles 'to pass throug)l 
solid wire, (2) the capacity of elecJtropartlcles tb cause a wire 



to act like a nagnet, (3) the ability of electropartlcles to oarry 



energy, (4) 

and (5) the 



the form of the energy carried by electropartlcles , 
source of the ener©r that moves electropartlcles by 
1 ^atf J ng the notion of at least two of the above. 



Vteien. asked why an anmter should be connected in series with a 
circuit, the student rbcalls that only in a series circuit will 
all of the current flowing in tl^e circuit flow throu^ the meter 
by yesp9i^(^pp: to that effect. 



Given a diagram of an iSCS efectrlclty measurer connected lnt6 a 
circuit In such a way that it is in series with the other 
components of the circuit and its resistor is bypassed and asked 
what the electricity measurer win measure, the student classifies 
an ISCS electricity msasurer as an anmeter (or current flow meter) 
when its resistor is bypassed in a. circuit by responding that the 
electricity measi^r will measure current flow (amperes or elec- 
troparticles/^er^econd) passing throu^ the circuit. 



Given four entries purporting to be ways by which a unit of 
measur^rrfcnt 'iTBy be established and asked, to identifV the entry » 
"that states how the unit pf rreasurenent is determined, the 
student recalls that a unit of measu^fement is a matter of 
defljiltion by ^ ^^^.^ct^Lpp the ent^ to the effect that it is defined 
by man. 



Given, the statement that one way -to describe electricity is to, use 
an elictroparticle model and asked to use this "model to despribe 
the process of chaCrging a battery, the student ^ ^nerates an 
explanation for the charging in terms of the following assunptions 
of the ISCS elect roparticle model: the battery contains fDarticles 
that (a) can be given energy, (b) can move from place to pJLace, 
(c) need a completed, unbroken pathway,, and (d) can-be styed with 
the energy they received, by 'so (^6§9jr^];)jLpfz: the charging of\a 
battery and includingjfhe^notion that the chargsr gives energy to 
the electropartlcles which then return to the battery and are 
stored there with their extra energy. 
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When apked to name* the standard unit for ^measuring electric 
• current, the student recalls that the airpere is the uhlt for meas- 
uring electric current by 



07-Core-l8 
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4i 



When agked tO' name" the stanciard unit used for measuring 'electrlGal 
energy carried by an electropartlcle, the student recalls the volt 
as the unit for measuring the energy carried by an electropartlcle 
by responding ''voltv. " , 



Given a voltmeter coil and an ISCS electricity rreasurer and scale 
set up to measure amperes and asked to make a voltneter from them, 
the student manipulates an ISCS electricity msasurer already set 
up as an aimetefr so that it will measure voltage by replacing the 
amneter coil with the voltmeter • coll and including the resistor ' 
by dlsQonnect;lpfi the test lead from terminal 2 and Qonr^eQt;,np it 
to terminal 3. . * 



Given an ISCS electricity msasurer kit , four chargsd D-cell bat- 
teries in holders,- a blank tongue. depressor, five test leads, two 
rubber bands, and a half-k^ldgrajn.inafis and asked to construct a 
voltage scale, using the ' equipnent funilshed, the student manipu- 
lates an ISCS electricity measurer ;to'. const a voltag^ scale by 
assent) l:|jig the equipment with the zero ' point marked on the ton^«e . 
depressor when no cells are in the circuit, maklpg additional, 
points on the scale at tlie resting points when each additional 
cell is added in 'a. series with the first ^erll, and then labeling ■ 
the marked points above, the zero as 1.5, 3.0, 4.5, and 6.0 volts - 
in ' sequence . . . ■ 



^Giv^n. diagrams of a coirpleted series circuit and a corrpleted 
parallel circuit, the materials to construct the circuits-, and an 
electricity measurer (or armeter) to measur^ the current tflow and 
asked to construct the circuits and measure the, current flow, the 
student: applies the rule that arrmeters are connected in series 
with' the current supply and the total resistance an& the rule for 
measuring current flow by connecting the ammeter correctly in each 
circuit and reporting both of the ampere reading within one of 
the smallest subdivisions on the scale. * > 



Given a diagram .and a description of a aituation in which the 
pointer of an electricitiy measurer deflects the wrong way and 
asked how to reverse the direction of deflection of the painter, 
thie student app lies the principle that the direction of deflection 
of the pointer can be reversed on a meter oil tha6 type by rever- 
sing the connections of the meter' to th^ circuit t5y resomdlng to 
the effect that he would reverse the connections of the iieter to 
'the* circuit. V 



Given a diagram of a series circuit and asked what effect addlrig 
resistors, in series to the circuit will have on the .aiicunt of 
electrical energy each circuit elemsnt receives, the student 



applies the principle -that each j^eslstor added to a series circuit 
^ causes every .element . In the circuit to receive less electrical 
energy by stating in effect that less eiectrioal energy is , ' 
received by. each element. ., . 

Given a (Ascription of a. situation in which a wave? passes under ( 07-Exc 28-1 

■an- object floating on the open ocean and four statements describe 
Ing the motion of the' object and asked to select the statement 
which best describes the motion of the object in the water, the 
student applies the principle that when waves pass through water, 
' the surface water does not mov? the 'object horizontally Jjufe-nibvBs 
it up- and down by aele9ting "the stlatement to that effe'ct. 



Given a trou^, water, a cork, a pencil, and instructions for 07-Exc 28-2 

wave-making "and asked if the cork-water system moves horizontally 
'toward or away from the wave source or does not move horizontally 
at all and what, if anything, moves across the surface of the 
tank, the student applies the concept that it is energy which • 
mDves horizontally in a wave and. not the medium itself by respond- 
ing that - there is no horizontal m»vement of th6 cork-water sys- , - 
tern and with the essence of the notion that energy 13 transported 
horizontally. ■ 



Given a description of a situation in wftlch two theories apply, an Oy^Exc 28-3 

•older, more ^^stricted one and a newer, broader one, and the 
staterrent th^t the restricted theory is used in a specific situ- 
ation and asked whether or not the newer theory 'should be used 
Instead and to explain his answer, the student. applies, the prin- 
ciple that any description is a good model if it explains the 
observations and can be used for th? purdose intended by rg§PSri<A-- / 
liig negatively and stating the notion of the principle. 



Given a scientific* model and a serie^ of statenents each puiport-» 07-Exc 29-1 

ing to be a criterion that scientists would have for accepting » 
this model and* asked to select the crlterloj;i by which models, are 
Judged^ the student applies the concept that new models and con- 
structs are proposed as usefhd ways of thinking ab^iit phenomena 
by ^qelecting the response to the effect that they are accepted if 
they constitute useful ways of thinking about, phenomena. , . > . 

' ' • ' • < ' \ \ ' 

Given' that a model is accepted by most scientists -and five inteiv 07-Exc 29-2 

pretations of what it means fcJr a model be accepted by most • , 

scientists and asked to' select the b^st , interpretation, th^ stu- 
dent applies the concept. that scientific' acceptance of a model 

irrplies that it explains the observations made to -date but does , - 

•not Imply that scientists feel either that it represents an • 
absolute truth or that no other model would work by gslggtto ^be 



ERIC 



entry involving explanation of observations , but not those entiles 
inplying the model to be an absolute truth. 



Given the information that a particular model is accepted by most 
scientists and four alternatives which purport to be Interpreta- ' 
tions of what it means for a mDdel to bfe accepljed by most scien- 
tists and asked to select the best Interpretation, the student 
applies the idea that. a model needs to be modified to account for 
new observations by selecting; the entry that best states the lde|a. 



Given two diagrams, each showing two wires suspended parallel to 
and clo^e to each other and connected Into separate but equivalent 
battery-switch, circuits, differing only in that one diagram shows 
the positions of the two .wires when the switch is open and the 
other when it, is closed and a statement of the terminal from which 
the electroparticles flow out of and back Into one of the bat- 
teries and asked to Indicate from which terrninal the electroparti- 
cles flow from the other battery and throu^ which terroinal they 
return to the battery responsible fof^.the attraction or repulsion . 
shown, the student applies the concept that an attracting force " 
ex;lsts between two parallel wires carrying electricity in the 
same direction and that a repelling force exists between two 
parallel wires carryliig felectrlcity In opposite directions, by 
^^ffaVte that When the parallel wires repel each other, the 
elect roparn;icles leave' and reenter the battery so that they are 
going in different directions in the parallel ■ wires and when the 
wires attract each other, the electroparticles leave and reenter 
the battery so that they ar« going in the same directions in the 
parallel wires. ^ ' t . 



I. • 

Given statements describing possible behavior patterns of sclen-, o 
tlpts as a group and asked which is the best description, t^e. stu- 
dent applies the principle that scientists, like other human 
beings, exhibit a varlet^^ of behavior patterns by selectlnk the 
statement to that effect. r—n-n 



Given a description of how long or how fast two battery-operated 
toys wo*?k and asked to Indicate whether or not the toys' batteries 
are connected in series or in parallel and to explain his choice, 
jAslng the\ electropart4.cle model, the student applies the concepts 
hat in a series circuit an electroparticle picks up energy from 
ach battery througi which It flows, thua enabling the toy to run 
faster but fW* lesa time than if it were in' parallel circuit, ' 
whereas in a parallel circuit electroparticles are furnished by 
each battery ttjidependently, causing the toy to run more slowly 
but for greater lengths of time than If it were in a series cir- 
cuit by respcfcdlng with the notions of the concepts . 



Given a description of the nunber of< batteries and the nuntoer of 07-Exc 33-1 

resistors in a' parallel ci;rcult in a toy arid asked in what way a 
change in the nunber of' resistors and the nunber of batteries 
would change, a voltneter reading taken in the circuit, and to ex-^ ' 
plain his answer, using the electroparticle model, the student 
applies the electroparticle model to detemlne that when added In 
p£.allel, nore batteries do not affect how' much, energy an electro- ■ ; 
partlcl,e...ln the circuit carries bv at^tln^g that; with an incr^e 
In :tiie\,ritp)er^'b^ batteries* th^ :XPltmeter r^ad^Jig woip.^ renjfilJ^ 
same. . ■ ^ - . 




\ 



Given a description of the nunber of batterle^, the nunbfer of \ 07-Exc 33-2 

resistors, and the type' of circuit (series) in a toy and asked in 
what way ♦a change in the nunber of equivalent resistors and the 
nunber of batteries would chan^ an anmeter /ireading taken in the 
circuit and to explain his answer, using the electroparticle model, 
the student appllear the electroparticle moc3fel to determine that 
in a series circuit, nore batteries connected in series give the 
electroparticles ncre energy, resulting in more current throu^ 
the resistors, and that an increase in the nunber of resistors 
connected in series decreases the current in the circuit by 
responding that when the same nunber^ of equivalent" resistors and 
batteries are added to a circuit, the amijeter i?eading should stay 
the same. . ' ■ 




Given the- statement that an anmeter must conneated in series 
rather than in parallel. with a circuit to measure the .flow of . 
current arid asked to use the electroparticle 'rnodel to explain vftiy* 
the amrreter is connected in series , the student applies the 
assumption of the electroparticle ncdel that an anmeter counts all 
the electroparticles flowing throu^ the circuit by ^ponding 
with 'the function of -an ammeter and that only when the anmeter is 
connected in series will all electroparticles pass throu^ th| 
ianimeter. • ■ 



When asKed how a voltmeter- should be connected to a conponent. to 
measure the voltage available to, the component; the student 
'' recalls that' a voltmeter should be connected in parallel with the 
circuit component to measure theHoltage eyallable to it by 

to that effect. 'i' 



Given a diagram "of a series circuit involving one device,- a 
resistor, a switch, and a battery with all terminal connections 
identified by letter and asked to describe the procedures to 'use 
in this situation to detect and measure ,the volta^ across the 
named device;, using such additional apparatus -as necessary,- the 
student applies the procedures^ to detect • voltage connects 
the terminals of an electricity irjedSyrer (voltmeter) to the two 
terminals of the device and (^) ,n?>J;eS whether the meter pointer 
'moves when current is flowing in ffi' circuit, which is the sign 
that there is voltage — and the procedure to measure, voltage — 
reads the- voltmeter scale pointer (if the pointer moves down • . 
instead of up, he reverses the leads connecting the' voltmeter with 
the device) — by so responding and Indicating the connecti9ns. 



Given- a diagram a complete circuit containing two electrical 
meUets, one connected in parallel with the circuit and the other 
connected In series with the circuit, and asked to designate each 
•of the meters as either a voltmeter or an anmeter and to tell how 
each is connected to the -circuit (in parallel or In series), the 
student identifies the electricity measurer (meter) connected in 
series' as an ammeter and the .electricity measurer (meter) , 
connected in parallel as a voltmeter by selecting the function-' of 
the meter and the type of circuitry with whldh they are connected 
to the main circuit. « _ 



Given the amreter reading In amperes, the ^voltmeter reading In 
volts , «and the tine In seconds that a light bulb receives energy 
and asked to calculate and report the energy received by the ,bulb . 
the student applies the' formula that electrical energy equals 
amperes tines volts tines time hv^.nfilaulatlng the^energy given to 
the li^t bulb and e^Areasing the answer in n^wton- meters. ^ 



t 



T- 



08-Core-6 
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08-Core-8 



08-Core-9' 



Giverj four fdrmiiilas Inivolvlng ciiu?rentj' volta^.,- and -time, one of 
which is the fprmula for calculating eljeqtrlcal energy in a direct 
current circuit ,' an^ asked 'to identify the formula for calculating 
electrical energy, ,the student classifies volts times amperes 
times time as the formula for calculating electrical energy by ; 




When., asked to .name the thr^e variables he measures in- order to : 
determine the,total amount of, electrical energy delivered to some 
component of a, complete circuit, the student recalls that the ; ^' 
.variables n^asured to determine the total amount of electrical'. 
energy delivered to a "circuit component are current (or ampere$), . 
battery voltage (or volts), and tine'.(or seconds) the current " 
flows ^y stating those variables . 



Given an.elect^Lcity rreasurer, voltage and' amperage scales, a 
timer, two test leads, and a prewired dircuit in which a battery 
supplies electricity to operate two electrical devices connected 
in parallel and asked to measure the energy supplied to one device 
for fifteen seconds and to show his measurements and calculations, 
the student applies the rules; for connecting a voltmeter across 
the terminals of the electrical device, connectlhg an arrmster in 
series with One of the devices', measuring the voltage, amperage, 
and time, and calculating the energy, using the forniula voltaga 
times amperes times time equals electrical, energy reoortlp p • 
the measuremsnts and the calculations within the range of +1 
newton. meter. " . ' : 



When asked to state two reasons that scientists prefer to make 
observations in t^rms of quantities, the student recalls that 
numerical information aids in precise , unambiguous communication ' 
and analysis by responding with both of those notions . 



08-Core-lO 



Given a list of five operating electrical devices and asked to 
indicate those in which elet^ricity produtes observable work,, the 
student classifies the situations in which there is evidence of a 
force being applied throu^ a distance because of the application 
of electrical energy a'^ situations in which electricity does 
observable work by selecting such exarnnlfts... 



08-Core-ll 
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"Given a voltmeter (electricity measurer), diagrarrB of both a 
parallel circuit «and a series circuit, and the ^equlpment to 
ccnst-ruct the circuits and asked' to construct each circuity 
measure and report its "voltage across the entire circuit, and ' 
show the setup .to his teacher, the. student applies the _riile that 



50 



'the voltmeter is connected In parallel 'to the" circuits and the 
irule fbr m^a^urihg the • volt age -by' inptallirig the meter correctly 

in each circuit and by reporting the .voltage across each circuit 

correctly to* within +1 volt. 



r 



Given descriptions and diagrams of a completed seri^s^circuit and 
,a pomplet^d p,^r^lel circuit , each having a battery and four 
resistors, "ana askid' to e^iah wh^r'tihr-gme^ 
, resistance, than the parallel circuit, the student applies the 
concepts that the current must f low .thttXDU^ all the resistors in " 
the series Circuit, whereas the current- In the parallel circuit 
can flow directly and independently through -each one of the 
reRlfltora bv responding to that" effect. ■ 



Given diagrams of a. completed Merles circuit and a completed 
parallel circuit , ''each consisting of a battery and four resistors, 
and asked in the case of the series circuit whether the current 
flows through each reslstoir by a separate path eft? in sequence and 
whether the total resistance to current flbw is less or greater 
■ than that in the parallel circuit, the student class ih.es a 
multiple-resistor circuit wired in -series as one .in which the 
current flows through' each resistor sequentially and in- which the 
tota], resistance is greater than in a parallel hookup of the same 
components by se;Lecting the alternatives that agree with tho^e 
concepts. " . * 



08-Core-12 



08-Core-13 



Qiven a labeled diagram of an electric mDtor mounted to -lift 
sinkers and asked to propose a procedure for using. the equipment 
shown to define operationally the electrical energy Of a battery, 
the student generates a procedure for detecting the energy of a 
battery by observing the work it does and for measur.ing that 
energy J?y determining the amount of work it does In the gLven 
• system by stating an operational definition which inc],udes detec- 
ting energy by the movement of the sinkers and measuring either 
(1) the total distance that the battery (motor) lifts a fixed 
nurrber of sinkers, before it stops lifting or (2) the number of 
sinkers the battery (motor) 'cah lift a specified distance. 



08-Core-l4 



Given a model' for the transfer of energy from one location to 
another, using canned goods to represent energy, and a list of 
variables in the model's operation and asked to choose from the 
list of variables the element of the model which correspond^ to 
a yolt, the element which Corresponds to an ampere, and the 
element, which corresponds to an electroparticle, the student 
classifies a volt, as corresponding to the nunber of cans a person 
could carry at one time, an arrpere as corresponding to the number 
of cans being' put down in each time unit, and an electroparticle 
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as corresponding to the nurrtoer.'bf persons 'available to move the 
• cans by ir^atchiniz ^hose'^lpment.q of ihe model with those term.\ 

Given a list of variables that may or., may not affect the power 
. available to a light bulb' and asked, to choose the variables which 
are factors in deterrrdning the flow of electrical power, the 
student applies • the principle that electrical .power is . a function- 
of the voltage and .the current by selecting the appropriate 
-■entri««v ■ -•■ ■■ .. ... . .,<... /■ 



Given 2 electricity measurers (a voltmeter and aa anmeter), 1 
.switch, 3 bulbs, 2 m^tqre, 1 JSCS battery, 7 test le<ads, 'and a 
diagram of a completed series .circuit involving the battery which * 
operates one or more of the bulbs and motors and asked to set up 
the circuit shown and to 'calculate the power by taking the 
necessary current and voltags' msasurements , the student applies 
the rules that voltmeters are connected in parallel to the 
circuit, that ammeters are connected in series to 'the circuit, anh 
that pow^r is the - product of voltage tines "anperage by n^easur;!^ 
the appropriate voltage to within +1 volt and the anperagJ^to 
within +0.2 amperes and ca^ci^lat^i^ the power correctly fiom his 
measurements.* , ' ■ ■/ ■ 



Given the resistance, the voltage, and the current along a wire in 
one toy and asked what the resistance, of the sapie kind, size, and 
length of wire will be in another toy that is identical except , 
that it has- more batteries operating it apd' therefore hi^er 
voltage 'and current and to explain his answer in terms of the 
electroparticle model, the -student applies the principle that the 
resistance of wires of the same kind, size, and length', is the.- same' 
by respof^fljl^g that the nunfcer of electropa-rticles passing throu^ ' 
the Wire increases and' the energy of each, electroparticle also 
increases, causing no -change in' the Voltage-curren]: ratio* 



Given a motor in working condition, one' magnet with the N-pole 
'upright and the .other magnet with the.-S-pole upri^t, and' asked to 
\ predict what will happen if one magnet is turned upside down and . 
to explain his prediction, the student applies the principle ^that 
magnet's N-pole 'and one magnet's S.-pole (or one' taped end and 
onyuntaped end) must be positioned near the coils to attract and 
rep^l the mDtor arm ^o that it is , under constant magnetic force 
which causes it to revolve -by responc ^pf?; that changing one of the • 
magnets will cause it to repel the arm coming toward it and ' 
attract the arm going away from' it and thus slow down or stop the., 
motor. . ■ 



4- 4) . , > 

Given a. picture and a description of a motor-driven toy and asked 
to describe^ what mfeasuremej^ts he would need to make in order .to ■ 



determine how, much Wbrk the motor in the toy will do, the student- 
applies the principle that work is calculated by multiplying; force 
• tirrtes the 'diatiince tile force is.appilled by respondlhg that he . 
would make meas'urements of force ahd 'distahce. ' ' >(, 



Given the following statem&nts : "You have learned about eleqtric- 
ity^ from activities ,like the ones in your' text without too much 
trouble. It was the. explorers who had a hard time," and access to 
• •• • Excta'slon--39 and ask&d vjh'at 'he has'that th'^ exlplbt^js didn't^ tiavw; 

. that ^iiakes his task easier, the student Identifies as factors * 
which make, his task easier than tha^of l^he explorers activities _ 
that have been pretested to be -sure they are safe, safetjr, tips, , 

. experimental designs written out for tilm, equipment that is ♦ 
\ Available, models. that have be^n suggested, e^d the accumulated 

^\ body of scientific knowledge by stating the- notion of at least one 

. "^of those factors . . ' . ■ . , 



■ '•■■fri. 



Given- an air^plstpn 'ana "asked 'to illl i!fc/wi;th' a certain amount of., 
watcar, the student manipulate^ t^e piston iii such a way as to f^ll 
It with the specified- -airtDunt bf water by inserting^ the tip of the 
piston Into the water and poV;lng the plunger "so that its- front 
edge is oft tiie specified naapk (+0.1 unit) and the chamber is 
completely filled with .water and .contains no air bubbles. • 

Oiven a. ,6.0^ *cc air piston partly fllle"dVlth Hquld'-and asked how - 
.Jrnuch 'liquid the syringe ■ Contains , the student manipulates- the air. 
pistjon to' read its scale by reporting "the volume of the liquid 
accurately , to within +0.1 cc. , .. 



'aiven a list of four changes in a 'substance, one of which is that 
an Increase in volume is co'lncldent with a- tenperatura^crease, 
ana asked to select .the usual result of increasing the temperature 
of a substance', the* student recalls that an increase In yolume is 
coinclc^nt with A t^rnperature Increase by selecting the statement 
to. that effect. • ^ 



Given that a device is needed to measure a very small change in . , 
temperature and yet . provide easily . distinguishable readirj^ and a , 
list of four materials, including a solid, a liquid, and a gas, _ 
and asked which of the Substances is best to use in such a device , 
the student applies the concept that a ^ has a greater Increase 
In volume when. heated than does a solid or a liquid by selecting 
the gas' as the best expanding substance for, the device. / 



t 

Given a diagram showing the lo colons, of the fi:^ezlng point of 
water on both a Fahrenheit and a Celsius th^rmDmeter and asked to 
e^cplalrt why the freezing point of water can be both 32° and 0°,. .- 
the student a pplies tl^e cbncept that it is possible, to have ■ ' 
, different scales based on different definitions to measure the 
same phenomenon by r^ppondlng to* that effect. 

Given a story in which two people make measurements -in body-part 
units and disagree about' vtiose 'measurehfent. is correct and asked 
what needs to be done to avoid. future confusion,; the student- 
g^pplles the rule that to be standard, the units of ' measurement 
have to be agreed upon by responding to the effect that a standard 
or an agreed-upOn unit is necessary. 

When askfed what un^X; 1^ used by scientists "and in ISCS for measur- 
Ing temperature, the^ student recalls the' degree Celsius as the 
standard unit used IS,CS for measuring tenperatur^ by naming 
that unit , • • , . ' 



Q9TCore-a. 



Given a picture of. .'a thennorneter -.rnarked in degrees Celsius and - . 
asked what happens 'to^ water when i^s tempera,ture '.registers 0°C.-. and 
100°C^;the student reeall» s that at O'^C water, freezes and at i00°C. 
water boils by stating those facts. .. • . • ' 



09-CQre 
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Given a therntometer calibrated. In Celsius, u^ and a:^ked to,-,- 
measui^ the .terrperati^is of -a substance,* the student manipulates 
the thermometer to find the tenperature of the substance by 
r^Dor^ipg a reading on the -scale of the thermbmster within- an '\ 
accuracy of +1.0 scale interval. ' "^ ■ •: . - • 

' ■ - - -• • ; ' , ■■ ' 

When asked how a thermometer v^ilch contains a liquid confined In' 
a tube works, the stud.ent recalls that the liquid expands as 
tenperature Increases and contracts^ as tenperature decr*easies by,"> 
responding to that effect, 



09-Core-ll 




When asked to explain why putting a. jar with a lid stuck on It'. • 
■ into hot v>^ter. will somelpimes. cause the Ud to loosen, the. .. 

student generates an -.explanation based on the concepts that most v . 
.substances expand when "heated and that • different substances expand 
at different rates ' by repp(pf\dj[jig to- the effect that the hot water- 
heats the lid and causes it' to expand faster' than the' jar, . vrtiich 
loosens it . ' - 



09-Core^i5 



When" asked to give an operational definition for the (jf^ange^in the 
heat cTontent of ;liqUld water, when the tenperat^ns change is^ known"*, 
the student recalls that an operational definition for the chalage 
In the heat content (energy>' of ^liquid water includes •multiplyir% 
the'lhass of the water in^ grams bU the nunber of 'degrees Celsius' 
..'that its temperature olianges -'by respopc^yig to -that effect. 



09'-Corer-13 
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Given a known mass of water and the degrees Celsius that the 
tenperature of the water is raised' in a given period of time and 
asked- to calculate the Aunber- of calories '6t heat required to 'I' 
rals^'the mass that mEuiyVdegrees , the student applies the rule * 
that the nunber of . caibrles required to x^pdse a, mass of water a 
givenuwjnfoer of degrees Celsius is equal tcmthe product of the 
■mass 'water in ^grams times the nunber of degrees Celsius the 
mass Is raised by correctly 'reporting the product in calories. 



09-Core-14 
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Given a list of four tenperatures in degrees Celsius and the > 
information tfiat a given mass of water is heated for a given 
period of time., and asked to predict what the tenperature will be 
if the mass is reduced by half bLit the time and the rate of , , 
.heating remain constant, the studeht applies the concept that' 
given. a fixed 'anount of heat, the tenperature of Water varies 



inversely with' th^'-arrDunt of water being, heated- or that ,the total 
heat, in calories of a substance Iq equal to its mass in grams 
times the change In tenperatuTQ expressed in degrees Celsius by 
selecting, the response , that .,;represents. that relationship . 




^When asked what a thermometer measurers, the- student recalls /that a ' 
thermoneter measures tefiperature by responding to that effect. 



• Given a list of terms associSited with heat and temperature . 

measurement, an^d asl«?d to choose' the standard unit u3ed in ISCS ; 
' for measuring heat, the ^dent recalls that th,e unit in- which 

heat is measured in ISCS- is the calorie by s^^le ptJifip that choice. 



Given "a 'description bf a model for heat which assumes that heat is 
a substance which can flow between objects and that its quantity • - 
determines the temperature of objects "and asked • to name two ob^ ; . , 
servable properties of' heat that. are in agreement with the mod^l, 
the student, classifies as two observable properties of heat in" 
agreemQnt %ith the .assumptions of the heat-substance model that^ 
■heat can b# transferred from one object to another -and that matter- 
expands when heated and contracts when cooled by responding with- 
■the ei'fect of both of th6se properties . . , • 



Given ari' illustration indl,cating that heat flows ^om a burner and 
passes "throu^i, a glasa^ beaker into water which heats a test tube 
■ full 'of- water which then expands and a list 6f eight plnported 
*character-jitlcs of heat pa^rticle properties and behavj.ors and . 
asked to '^lect th© foiir characteristics that are compatible with 
•th^!. heat-substance"- model, the student classifies as the charactei^ 
Istics of heat compatible with the heat-substance model that the . 
suL)Stan(3e must (1) take ud space, (2), have mass, (3) be made up of 
tiny' particles, 'and CO be^able to move by se^jectlng those four 
' characteristics and no others. 



Given a description of a situation In which the model for heat -as 
a substance flowing from hot objects to cold Is challenged by the 
suggestion that there exists a cold substance which flows from 
cold objects to c6ol off a hot. object and asked t6 defeat the ^ 
challenge', the '^.student gsnerates the argumsnt. (1) that if dt were 
cold that Was transferred, the 6bject cbntal.nl|ag this cold 
substance would be expected to contract as the cold substance 
flowed out of it arid the object got warm, and the object receiving 
the cold substance would expand as it got cooler and the cold . 
substance flowed into it or (2) that the object containing the, 
cold substance would be expected to los6 wei^it as it got warmer 
by r^ ^pondlng with either of those arguments . 
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09-Core-20 Given .tha,t three pieces of the same kind of netal are equal In 

size and maa,s and asked 'to predict the effects on the objects if 
■one'is.-oooled, one is heated, and'dne remains'^ at- room t^^trperaturs-, 
the a tudent applies the rule that metala .usually expand when 
heated and contl'aat when cooled b^^-l selectirig the entry that is in 
I agt^em^nt with the following: the .heatec^ ^object will expand, the^ 

// cooled object- will contract, and the one l^fhaining at- room temper^ 

ature will, remain unchanged. ■ . . . ..... .V 



09-Exc 40-1- ■ Given a list of characteristics relative to the. boiling and free25'— 
. • * ing points of liquids and asked which' oharacterlstics are ' ' 
• V- - l^iappropijlate for a liquid whicfi is to'be used in a thermometer- 
, H to measure water tenperature, the atudent ^plies .the prj-hc^jple- 

. that the liquid used in a thelrmometer should not have a. boilihfe 
or freezing point in the temperature range' in which he wishes to, 
. . , make his measurements by selecting; the. choices which agree with • 
that notion. ' • ♦ • , . • *'• ' 



09-Exc ^1-1 Given diagrams of both Fahrenheit and Celsius- thermometers and.. 

asked if a temperature drop of X' degrees h&s 'the sai^ meaning In 
degrees Celsius as in degrees Fahrenheit, the atuflent applies ' the 
^ ■ ' - principled that there are more unit' intervals -between the freezing 

. , and the boiling temp^eratures of water on.' the Fafirenheit scale than 

^ on 'the Celsius ^cale and that an X degree drop on the Celsiua 

scale is greater than an X degree 0rqp on the Fahi^nheit scale ^y. . 
'with the. effect: of those principles. 



09-Exc ^ 42-1 . ^When asked to define aatorie in terne of water, the student 

^ recalls the definition that a calorie is the amount of heat it. 
takes to raise the temperature of 1 gram of water 1^ Celsius by 
responding to that effect.. ' 



09-Kxc 43-1 . When asked at which terf)pe];?iture , hot or cold ,^ his system will need 

to supply wore calories to .maintain normal body tenperature and • 
to explain his answer, the student applies the principle that the 
^ body needs: to supply more calories to maintain normal -body tei?pei>- 
. ature when the tenperature of the environment is lower by 

respQn4j.n^ to that . effect . , ' ' . ' , 



09-Exc 44-1 . Given that a fixed amount of heat is added to a fixed amount of 

four given substances whose specific heats kre stated and asked 
which oj^those would show the greatest temperature change, the 
student' classifies the (fubstance having the lowest specific heat 
V as undergoing the- greatest temperature change by select lnt£ that 

^ -^^^^^^ — 



/ 



I 



Given, a di&gram and a description of a situation in -which fouf 
containers of varying tehperatures are placed In contact vdth each\ 
other and aske^ to ln(^Gglte''the direction of heat flow, the* 
student applies the riile that heat flows from hot., to cold objects 
. by Ml9^tlng that heat flows from containers of relatively hi-^i • ■ 
.temperature Into- adj acent ' container^ of lower terr|ierature in all 
such cases . • • ' ' • ' 



Given a description of a -situatlDri' lnr-whiGh four contalh^rs of 
water, all of equal size but 'Whose temperatures- vary, are placed 
in contact- with each other jLn an insulated box and asked to 
i^redict the temperature of the water after equilibrium is reached, 
'the .stuient applies the rules that heat flow's from hot to cold 
^materials ifitil equilibrium is reached and that equilibrium , 
temperatures m^iy be calculated by adding the water temperatures 
of the containers and divldijig by the total nunfcer- qf cont.^ners,, ; 
by seleotlng the response to that effect. .' ' 



"Given five entries, including the three states of matter, "and 
asked to choose the state which' is likely to be the poorest 
conductor of heat for a given .substance, J^h^- student recalls that 
the gaseous state of a given substance is the poorest conductor 
of .heat by seject^ing it. 



T 



Given a diagram of three beakers, one containing a metallic solid, 
one a liguid,-and one a gas, all receiving equal heat and having 
thermometers placed in contact with' the "materials at equal dis- - 
tances from the he^ source , and' asked in which of the three .cases 
the thermometer will show a chan^ in temperature first and for 
what reason, the student applies the concept that, in general, 
rretallie solids are better conductors of heat than liquid or < 
gaseous ;riaterials by s ejecting the beaker. containing the metallic ' 
solid and stating the essence of the rule. < 



Given as -a criticism of the procedures of Activities 



20- 



_ -7 and 20-8 

that the balance is so crude' that small increases in the mass of * 
the water cannot be detected and asked to state a way to detect ;< 
such Increases in mass, the student generates the suggestion that' 
a rrtore delicate balance be obtained or that a larger mass ^be "| , 
heated sj) that more of the heat subs^ahce will be present and 
therofom' osai be mDre easily detected by stating the effect of one 
of ttio^'hationg. ; ; 



Given a description of a situation ^ if i. w^ilch one of two objects of 
•equal mass is heated, a drawing of an. ISCS equal-arm balance with, 
one of .th^^sses attached to (?ach "artn, equidistant from the pivot 
point, and a list o|* four possible balance positions an(^ asked to 
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V 10-Oore-l 



10-C6re-2 . . 



1/ 



lO-Core-3 



lO-Gore-4 



lO-Core-5 



lO-Core-6, 



lO-Core-7 



lO-Coire-8 



10-Core~t) 



10-€ore-10 



predict the position of the balahcfe' am after one of thfe irasses*l§ 
heated, the student applies the. .rule that the ■iTiasa«..of an objedt 
remains unchanged by heating by selectlpg the response which 
inculcates tl^t the position of'th^ arm does not'ohange as a resa^t . 
•of -heating the mass. . A * . , ,»* 



■ f 

Given two theories — one j'estrlcted and one broader .— applied to 
a situation ^and the statement that the restricted theory is used 
to work a' spfeciflc set of problems , and asked if the .broader theory' 
Should -be applied to the. situation Instead and to explain his 
answe^, the student., applies the . concept tfrat a model is suitable 
to a Bpecific- situation if it explains^ the observations- and ^^an • 
bemused for the purpose Intended by responding' ' necrativel v and 
s^git^3^ the notion of the concept. .... ;■ 



Given a list of four possible sources of sblsntific' niDdels and 
asked to identify tshe origin, of scifentlfLc models, th« student 
recalls that scientific models are./ thought up by people by 
Belect;ipp: the- entry reflecting ttyaft: notion. 



Given four statements, about the heat-as -energy model and asked to 
select the best statement about the model, the student applies the 
concept that scientific models are best described as useful 
explanations ^d as the bases for predictions ]Dy ^ pl^ctlp ^ the 
statement that agrees' with . that concept. 



Given that -the heat-as -energy model is accepted by most scientists 
and five Interpretations of what it rrieans for. a model to be 
accepted by scientists and asked to select the best interpreta- 
tlon, the student applies the concept that scientific acceptance 
Q,r a model implies tha% it explains the' Observations made to date, 
but^ does not ;Lmply that scientists feel that this model Is an 
exact representation of reality or that no other model would 
suffice by seJ^ectipg the Interpretation InA/olvlng explanation of 
observations, but not those Implying the model to be absolute. 



10-Core-ll 



lO-Core-12 



Given data about how many observations each of two rrodels for heat 
can explain arid asked to identify the better model, the student 
.Applies the rule that the better of two models is the one which 
explains more related ^enomena by se;Lec^;Lpg heat-as-energy . as the 
better model and stating "the notion of the rule. 



■ ^ .7, 



Given a diagram and a description of a situation in which an. 
object expands when heated dnd asked to explain the expansion of 
the object, using the heat-^ubotarice mDdel, the student applies 
the n9tion thiat Fieat substance Itself takes up space and .forces 



o 
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the particles of natter in,;. the material being heated to move . 
farther apart,, thereby .increasing the volume '^of the material, by 
stating the essencfe of that notion. 



Gi-ven' a diagram and a description of -a situation in which lO-Core-13 
object expands when heated and asked to expl^n the expansion of • 
the object, using the heat-asT'ener^ model, the student applies 
the concept .that objects increase ^ vol\!^ when they are heated 
becaus'4 th£ heat supplied t^, the particles of , matter causes the 
particles to vibrate faster,' causing them to move farther apart 
and occupy more space, by s , tat] .np the essence of the notion. 



• Given directions to touch , twp things before and after rubbing them . 10-Core-l4 
' together vigorously and asked to predict .how- long the observed ■ 

effect- will continue • if he continues to rub them together and to ^ 

explain his prediction in terms of the heat -as -energy 'model, the , ' . 
. .student applies the heatTas'-tenergy. model to the rubbing of .two 

objects by pfediLc^ing that the objects will continue to heat up 
' as long as they are rubbed together and stating that rubbing ' .. • . 

causes the particles in the objects to vibrate faster as long as ' 

the rubbing continues.- " 



V 

Given a line representing a range of energy levels and asked to . lO-Core-15 

locate- states^ of matter on the line accprdlng to their relative 
.energy levels", the student applies, the concept that for a given 
substance, the gaseous 'state has more energy than the liquid state 
and the llqu3.d state has more- energy th^ the solid state by 
ipd^Gfitlng the relative positions of the^ three states on the line. 



Given a' statement t^hat there Is mDre heat in a large quantity of 10-Core-l6 

cool water than In a small quantity of hot water and asked to 

explain why this is true, using the heat-as-energy model,, the • r 

student generates the explanation that the aiholint of heat stored ^ ' , 

is ..the total amount, of pax'tlcle vibration and that in the large 

quantity of cold water so' many particles vibrate that althou^ 

they are vibrat:Lng more slowly tjhan in the small amount of hot 

water, the total amount of vibration is greater by respo^d^j^g with 

the essence of the notion. 



When askpd to use. the heat^as-^energy model to explain how a ther- lO-ctre-17 
morneter wprks, the student' spiles the heat-as-energy ,npdel to ' ' 
explain the rising and. falling of the liquid in the thermometer by 
respopt;^!^ that wl-ien a thermometer is place^iin hot materials, 
energy of rrDtlon la absorbed* -(trwisf erred) .f*rom the moving parti- 
cles of the substance whose temperature is being measured, causing 
the liquid particles of the thennometer to moye faster and there- 
fore farther apart, and that vrf-ien a thermometer is, placed in cold 
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materials, the particles give -up enejrgy to -the material being 
measured and vibrate Ifess, thereby becoming closer together and 
occupying less space, \vhlGh reduces the volume of the liquid* 



10-Core-l8 ♦Given data in graph form, showing the "input-output of a Wchine - 

v\rtaich i^as a constant ajrount of energy supplied to it ohcX showing 
. ^ • . the output work plotted against the terrperature change of the • 

machine and asked to explain what is happening to the input energy 
as the amount of useful energy decreases, the student generates 
th^ explanation that the increase in tenperature is thej reason for'' 
,the decrease in usable Output energy because the machinj^ converts 
" .more input energy into heat energy and less into, output energy ^as 
■ / ^ the tenperature of the ^chine increases by r^;^or\ding to thatr 
* r . ^ .effect • ' . . 
' " _ ■ ■ ' , ■ "I 

. -■ ■ ■ ■ ^ ... . 

'lO-Core-19 " Gl^n ^ diagram and a description of an activity in which input 

energy is greater than output energy and asked to explain the 
missing energ/ in terms of the heat^as-energ/ model, the student 
'applies the concept that the ''missing energ/ is converted by 
friction into heat energy, or" particle vibrations, in sliding 
, surfaces by sta,t^pp the essence . of that concept . 



lO-blxc 45-1 Given a description of bunk bed sleeping accorrmodatlais and a 

. ■ heating element on or near the floor anti asked in which bunk he 
would be most likely to keep warm and to explain his q^swer, the 
V ; student applies the principle that warm air has more volume per 

unit of mass than a corresponding mass of cooler air by respondipfi 
that he will b,e warmer in the top bunk and. with the principle tha^^ 
' the warm air has more volume per unit of mass and will rise, 

' whereas the- cooler air will bink. . • 



10-Exc 46-1 Given four statements purporting to be reasons* to discard a • 

scientific mcxiel and asked when a scientific model is discarded, 
the student applies the principle that scientific models are 
di.s carded 'when r^, well-tested observations are made that do not 
fit the rnod^l, lilff^t is, v\rf^ien the modification* of the model begins 
to cause internal contradictions, by s^|Lecting the entry to that 
effect. 



10-Exc 47-1 



Given a temperature-t"lme graph showing changes in the state of 
matter and a^^ked to describe what is occurring during each tim^ 
interval represented by each section of the line of the graph, 
the student applies the concepts, tj^iat^ during cooling the curve 
slopes downward to the t?l|^t or that during Fieatlrig; the* curve 
slopes, upward to the rl.gj'it^and that during chafiges of state the 
;lope Is zero by so res pop^ d^p g. 



Given three tlme-tenperature graphs and asked to ohoose the'gr'^iph 
that beat represents the cooling of a. pure aubstanc^ throu^ a 
change of state, the student applies the principles that cooling 
curves have a negative slope and that during a phase charl^ there 
is no change in the tenperajbure of a pure substance by 
a curve which best fitfs the notion for a cooling situation. 



Given a descrlptlda of a, sequence in which energy is converted . 
■from one type to another and asked 'If all the energy has been 
converted to the tjr^e of energy described at the end ' of the • 
sequence and if not, where the lost energy goes or the gained . 
energy comes from, . the student applies the rules .that energ/ 
conversion always' involves a loss of usable energy, that the totaf 
amount of 'energy is never altered,- and that some of the Input- 
energy is converted to' heat energy by ^spcyidipp; that the appar- 
ently lost energy has beten converted into heat energy. 



